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Abstract*
Introduction"
Kidney"biopsy"histology"remains"the"gold"standard"for"diagnosing"chronic"
allograft"damage"(CAD),"with"the"kidney"revealing"chronic"interstitial"fibrosis"
and"tubular"atrophy"(IFTA)."However,"there"is"no"available"test"to"be"able"to"
predict"who"will"develop"IFTA,"and"current"clinical"markers"for"CAD"lack"
sensitivity"and"specificity."The"aim"of"this"study"was"to"identify"predictive"
protein"biomarkers"for"the"development"of"CAD"to"enable"nonOinvasive"
frequent"screening,"early"detection"and"personalized"medicine."
Methods"
Urine"and"sera"were"collected"on"40"kidney"transplant"recipients"at"three,"six"
and"twelve"months"post"transplant"and"correlated"to"chronic"damage"scores;"
twelve"month"protocol"biopsy"Banff"scores,"Chronic"Allograft"Damage"Index"
(CADI)"scores"or"estimated"glomerular"filtration"rate"(eGFR)."In"chapter"2,"
urine"clusterin"was"measured"by"ELISA"and"normalized"to"spot"urine"creatinine."
In"chapter"3,"predictive"urine"proteins"were"identified"by"twoOdimensional"
differential"in"gel"electrophoresis"(2DODIGE)"coupled"to"tandem"mass"
spectrometry."Differential"protein"abundance"was"calculated"using"DeCyder"
software"and"further"interrogated"using"the"STRING"network"program."
"
"
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Results"
At"three"months"when"urine"was"collected,"there"were"no"significant"
differences"in"the"cohort"in"relation"to"previous"acute"rejection"episodes,"
proteinuria,"immunosuppression"or"eGFR."Urine"and"serum"clusterin"levels"at"
three"and"six"months"were"not"significantly"different"in"any"of"the"chronic"
damage"analysis"groups."From"the"three"month"urine,"nine"proteins"
significantly"correlated"to"fibrosis"at"twelve"months"(five"with"Banff,"four"with"
CADI)"and"two"proteins"correlated"with"change"in"eGFR."The"top"KEGG"
pathway"in"the"STRING"network"was"coagulation"and"complement"cascades."
Follow"up"twelve"month"urine"analysis"based"on"the"same"chronic"damage"
groups"revealed"eleven"proteins,"four"identified"in"the"previous"three"month"
analysis"and"seven"new"proteins,"including"CD14"and"β2"microglobulin."The"
top"KEGG"pathway"at"twelve"months"was"antigen"processing"and"presentation."
"
Conclusions"
Using"traditional"proteomic"techniques,"we"have"identified"potential"nonO
invasive"biomarkers"that"are"predictive"of"CAD."The"dominant"urine"proteome"
alters"between"three"and"twelve"months"expressing"a"different"panel"of"
proteins."While"early"urine"protein"signatures"predict"subsequent"damage,"
validation"in"larger"and"more"diverse"cohorts"is"required."
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ml* millilitre"(10O3"litre)"
mM* millimolar"concentration"(10O3"molar,"mmol/L)"
MMF* Mycophenolate"mofetil"
mmol* millimole"(10O3"mol)" "
MS* Mass"spectrometry"
MS/MS* Tandem"mass"spectrometry"
n* number"
NCBInr* National"Center"for"Biotechnology"Information"database"
ng* nanograms"(10O9"grams)"
PAS* Periodic"Acid"Schiff"
QRTJPCR* quantitative"realOtime"PCR"
RNA* Ribonucleic"acid"
RIA* radioimmunoassay"
RNAJseq* Ribonucleic"acid"sequencing"
SELDIJTOF* Surface"enhanced"laser"desorption"ionization"time"of"flight"
SPK* simultaneous"pancreas"kidney"
STRING* Search"Tool"for"the"Retrieval"of"Interacting"Genes/Proteins"
TFA* Trifluoroacetic"acid"
Tx* Transplant"
µg* Microgram"(10O6"grams)"
µl* Microlitre"(10O6"litres)"
UTI* Urinary"tract"infection"
V* voltage"
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Chapter(1(
(
Introduction
!
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2!
Introduction(
Since!the!pioneering!surgical!procedure!of!the!1950’s,!kidney!transplantation!has!
become!the!preferred!method!of!renal!replacement!therapy!for!most!people.!
Transplantation!is!associated!with!better!quality!of!life,!a!decrease!in!health!care!
costs!and!an!increase!in!life!expectancy!when!compared!to!dialysis.1C3!In!2011,!825!
end!stage!kidney!disease!patients!were!transplanted!in!Australia,!which!represented!
approximately!6%!of!all!patients!receiving!renal!replacement!therapy.4!
Unfortunately,!the!number!of!patients!with!end!stage!renal!disease!in!Australia!is!on!
the!increase,!with!projected!figures!over!the!next!decade!increasing!by!nearly!80%!
predominately!due!to!our!aging!population.6!With!the!advancements!over!the!years!
in!modern!immunosuppressive!agents,!surgical!technique!and!patient!care,!acute!
rejection!rates!and!early!graft!loss!has!fallen,!however!long!term!survival!is!still!
impeded.7,8!
!
How(has(graft(survival(changed(over(time?(
The!Australia!and!New!Zealand!dialysis!and!treatment!registry!(ANZDATA)!collects!
comprehensive!data!and!statistics!relating!to!renal!failure!and!renal!transplant!
patients.!The!publication!of!the!annual!report!allows!physicians,!researchers!and!the!
general!public!access!to!the!nationwide!data,!which!summarizes!incidence,!
prevalence!and!various!outcomes!of!dialysis!and!transplant!for!all!affected!patients.!
The!rate!of!short!term!graft!survival!has!risen!over!the!past!three!decades,!with!1!
year!graft!survival!increasing!from!63%!in!the!early!to!mid!1980’s!to!over!95%!in!2011!
!
!
3!
Years!since!transplantation!
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for!deceased!donor!first!transplants.!The!rates!for!living!donor!first!transplants!are!
even!higher,!with!1!year!graft!survival!not!falling!below!96%!between!2004!and!
2011.4!However,!the!rate!of!graft!loss!at!5!and!10!years!has!not!shown!the!same!
improvements!over!time,!and!in!fact!long!term!survival!may!be!getting!worse.!This!
can!be!seen!in!Fig.!1.1!below,!where!the!gradient!of!graft!survival!between!5!and!20!
years!is!higher!in!the!modern!eras,!when!compared!to!that!of!the!earlier!decades.!
!
!
!
!
!
!
!
!
!
!
!
!
Figure!1.1!Kaplan!Meier!curves!of!graft!survival!by!era!over!time!post!transplant.!
Manipulated!from!ANZDATA!publications.!
!
!
!
!
4!
What(causes(graft(loss?(
One!of!the!leading!causes!of!graft!loss,!second!only!to!death!with!a!functioning!graft,!
is!chronic!allograft!dysfunction!(CAD)!associated!with!tubulointerstitial!damage.5!This!
type!of!late!graft!loss!accounts!for!over!twoCthirds!of!failed!grafts.8!The!cause!of!
chronic!graft!loss!is!multifactorial,!with!influence!from!the!donor!and!recipient!
categorized!broadly!into!immune!and!nonCimmune!events.!The!presence!of!fibrosis!
in!the!kidney!is!the!culmination!of!several!pathological!events!and!risks,!in!
combination!with!the!kidney’s!attempt!of!wound!healing,!as!outlined!in!figure!1.2!
below.!2,5,9,10!
!
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Evolution(of(the(classification(of(transplant(histopathology(
It!became!evident!in!the!1990’s!that!there!was!a!need!for!a!standardized!pathology!
scoring!of!renal!biopsies!to!assist!in!the!diagnosis!and!management!of!transplant!
recipients,!as!well!as!to!aid!in!the!understanding!of!pathophysiology.!A!meeting!of!
field!experts!including!nephrologists,!pathologists!and!transplant!surgeons!met!in!
Banff!in!1991!to!develop!a!schema!of!nomenclature!and!criteria!for!diagnosing!
rejection!in!renal!biopsies!and!grading!severity.11!The!output!of!this!meeting!became!
known!as!the!Banff!criteria!and!is!still!the!gold!standard!used!by!transplant!centres!
worldwide!to!classify!pathological!changes!seen!on!transplant!biopsy.!The!schema!
includes!standardized!definitions!of!chronic!damageC!indicated!by!the!prefix!‘c’!and!
stages!it!on!severity!by!grading!it!between!0!and!3.!9,12!The!schema!was!reviewed!and!
revised!at!multiple!follow!up!meetings,!notably!the!1997,!2005!and!2007!meetings,!
where!the!Banff!classification!system!was!adjusted!to!align!with!the!emerging!
literature.!In!particular,!development!of!specialized!C4d!staining!enabled!lesion!
scoring!for!antibody!mediated!rejection!to!be!established!and!expanded!11!and!as!
acute!rejection!levels!tapered,!chronic!rejection!became!a!larger!focus.13!
!
The!term!“chronic!allograft!nephropathy”!(CAN)!was!a!term!used!to!describe!the!
pathology!of!chronic!interstitial!fibrosis!and!tubular!atrophy!(IFTA),!and!is!graded!in!
the!Banff!criteria!as!ci!and!ct!scores!respectively.!It!quickly!became!confused,!
however,!with!true!chronic!rejection!(which!implies!ongoing!immunological!factors)!
and!with!chronic!dysfunction!(which!is!a!decrease!in!function!regardless!of!
7!
!
histopathology)!and!started!becoming!used!to!suggest!an!actual!disease!state!as!
opposed!to!a!synonym!for!nonCspecific!parenchymal!scarring.13C15!!The!term!CAN!also!
over!looked!the!underlying!causes!of!the!histological!findings!and!failed!to!take!into!
consideration!specific!aetiologies!that!might!have!contributed!to!the!changesC!such!
as!calcineurin!inhibitor!(CNI)!nephrotoxicty!or!BK!virus!nephropathy!(BKVAN),!which!
have!their!own!hallmark!histopathology.2,10,13!Hence,!in!an!update!meeting!published!
in!2007,!the!schema!recommended!the!elimination!of!the!term!CAN!and!the!
replacement!diagnostic!sentence!to!read!“Interstitial!fibrosis!and!tubular!atrophy,!no!
evidence!of!any!specific!aetiology”!if!other!injury!lesions!are!not!seen.13!
!
Pathology(
Over!the!past!decade!there!has!been!an!increasing!acceptance!of!protocol!biopsies!
at!set!time!points!postCtransplant!as!standard!of!care!to!monitor!for!subclinical!
rejection!and!to!guide!immunosuppression!levels.16C18!Biopsies!are!also!performed!
“for!cause”,!when!clinically!indicated.!Clinical!indications!include!rise!in!serum!
creatinine,!or!a!slow!decrease!in!estimated!glomerular!filtration!rate!(eGFR),!or!as!a!
follow!up!to!a!known!viral!infection!or!rejection!episode!to!ascertain!if!treatment!has!
been!successful.17!!
!
Under!the!Banff!criteria,!a!biopsy!specimen!is!deemed!“adequate”!if!it!has!10!
glomeruli!and!2!arteries.!If!the!sample!contains!7!glomeruli!and!1!artery!it!is!deemed!
“marginal”!and!if!there!are!less!than!7!glomeruli!present!the!sample!is!deemed!
8!
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“unsatisfactory”!for!diagnosis.!The!biopsy!sample!is!viewed!under!light!microscopy!
after!being!stained!with!H&E,!PAS!and!gomori!trichrome.!The!sample!is!scored!for!
glomerular,!tubular,!vascular!and!interstitial!pathology,!with!chronic!lesions!
annotated!by!‘c’!prefix!as!outlined!in!table!1.1!below.12!
Banff(
prefix(
Score( Description(
!
g( 0,1,2,3(
no,!mild,!moderate,!severe!glomerulitis!(g3!=!mononuclear!cells!
in!capillaries!of!all!or!nearly!all!glomeruli!with!endothelial!
enlargement!and!luminal!occlusion)!
i( 0,1,2,3(
no,!mild,!moderate,!severe!interstitial!mononuclear!cell!
infiltration!(In!rejection!oedema!and!lymphocyte!activation!
usually!
t( 0,1,2,3(
no,!mild,!moderate,!severe!tubulitis!(t3!=!>!10!mononuclear!cells!
per!tubule!or!per!10!tubular!cells!in!several!tubules)!
v( 0,1,2,3(
no,!mild,!moderate,!severe!intimal!arteritis!(v3!=!severe!intimal!
arteritis!and/or!transmural!arteritis!and/or!haemorrhage!and!
recent!infarction)(
ah( 0,1,2,3(
no,!mild,!moderate,!severe!nodular!hyaline!afferent!arteriolar!
thickening!suggestive!of!cyclosporine!toxicity!(ah3!=!severe!PASC
positive!thickening!in!many!arterioles)!
cg( 0,1,2,3( no,!mild,!moderate,!severe!chronic!transplant!glomerulopathy(
ci( 0,1,2,3(
no,!mild,!moderate,!severe!interstitial!fibrosis,!often!with!
mononuclear!cell!inflammation!
ct( 0,1,2,3( no,!mild,!moderate,!severe!tubular!atrophy!and!loss(
cv( 0,1,2,3(
no,!mild,!moderate,!severe!fibrous!intimal!thickening!often!with!
elastica!fragmentation!(cv3!indicates!complete!occlusion);!(cg!
and!cv!lesions!suggest!the!presence!of!chronic!rejection)(
Table!1.1!The!1997!Banff!criteria!for!renal!biopsy!pathology!scoring.!
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Reporting(chronic(damage(
Under!the!revised!Banff!‘05!criteria,!biopsies!with!IFTA!are!reported!as!one!of!the!
following:!
!
Interstitial(fibrosis(and(tubular(atrophy,(no(evidence(of(any(specific(aetiology!
Grade!! Histopathological(Findings!
Grade!I!(mild)! Mild!interstitial!fibrosis!and!tubular!atrophy!(<25%!of!cortical!
area)!
Grade!II!(moderate)! Moderate!interstitial!fibrosis!and!tubular!atrophy!(26C50%!of!
cortical!area)!
Grade!III!(severe)! Severe!interstitial!fibrosis!and!tubular!atrophy/loss!(>50%!of!
cortical!area)!
Table!1.2!The!2005!Banff!criteria!diagnostic!categories!of!IFTA!
!
CADI(
An!alternative!scoring!system!for!renal!transplant!biopsies!is!the!Chronic!Allograft!
Dysfunction!Index!(CADI),!which!includes!an!inflammatory!component!to!the!scoring!
where!the!Banff!criteria!does!not.!CADI!is!calculated!based!on!the!following!
categories:!inflammation!and!fibrosis!in!the!interstitium,!mesangial!matrix!increase,!
sclerosis!in!glomeruli,!intimal!proliferation!of!vessels,!and!tubular!atrophy,!with!each!
individual!parameter!being!scored!from!0!to!3.19!Due!to!CADI!being!a!single!integer,!it!
is!often!used!for!statistical!analysis!in!high!throughput!technologies.!
!
10!
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Both!Banff!and!CADI!scores!rely!on!subjective!assessment!by!a!pathologist.!Despite!
standardization!being!introduced,!scores!can!differ!largely!between!trained!
pathologists.!Where!one!pathologist!may!call!the!fibrosis!mild,!another!may!call!it!
moderate,!limiting!the!effectiveness!of!biopsy!assessment.20!There!is!also!a!lack!of!
reproducibility!of!the!Banff!system,!particularly!in!transplant!biopsies.11!Needle!core!
biopsies!also!carry!the!risk!of!sampling!error,!as!a!biopsy!may!not!be!representative!
of!what!is!occurring!in!the!whole!kidney!at!the!time,!especially!when!rejection!can!be!
patchy.18!
(
Specific(clinicoKpathologies(
As!mentioned!above,!there!are!some!types!of!lesions!that!have!specific!pathology!
associated!with!an!IFTA!diagnosis,!which!can!roughly!be!grouped!into!three!
categories:!intrinsic,!iatrogenic!and!other!complications.!
!
!
Intrinsic:!
Recurrent!glomerulonephritis!can!occur!in!transplanted!kidneys!as!early!as!1C2!weeks!
post!transplant,!such!as!in!recurrent!focal!segmental!glomerulosclerosis,!or!as!late!as!
2C10!years!post!transplant,!such!as!with!recurrent!IgA!nephropathy.!Diagnosis!of!IgA!
nephropathy!can!be!made!with!immunofluroscent!staining!and!can!be!aided!with!
electron!microscopy.2!Transplant!loss!due!to!recurrent!glomerulonephritis!can!be!as!
high!as!8.4%!by!10!years,!making!it!the!third!most!frequent!cause!of!graft!loss.21!
11!
!
Chronic!antibody!mediated!rejection!is!diagnosed!when!one!of!the!byproducts!of!
complement,!C4d,!is!diffusely!deposited!within!peritubular!capillaries,!accompanied!
with!duplication!of!the!glomerular!basement!membrane!and!presence!of!circulating!
donorCspecific!antibodies.2,22!The!mechanism!of!this!type!of!chronic!rejection!lies!
with!the!activation!of!the!membrane!attack!complex!resulting!in!graft!damage,!with!
endothelial!damage!leading!to!platelet!activation!and!formation!of!microthrombi.22!
This!type!of!rejection!occurs!in!approximately!2%!of!well!functioning!grafts23,!with!up!
to!20%!of!grafts!affected!1C5!years!post!transplant.22!!
!
Iatrogenic:!
Calcineurin!Inhibitor!nephrotoxicity!is!another!example!whereby!the!cause!of!IFTA!
within!the!graft!is!explained.!Calcineurin!inhibitors,!namely!cyclosporin!and!
tacrolimus,!are!powerful!immunosuppressants!and!largely!been!responsible!for!the!
increase!in!early!graft!survival!over!the!last!decades,!and!are!the!cornerstone!of!
immunosuppression!in!solid!organ!transplantation.!However,!calcineurin!inhibitors!
are!known!nephrotoxins!and!affect!all!compartments!of!the!graft,!in!particular!the!
small!muscular!arteries.2!!!
!
The!primary!hallmark!histopathology!associated!with!CNI!nephrotoxicity!is!nodular!
arteriolar!hyalinosis!scored!as!“ah”!by!the!Banff!schema.!Secondary!to!this,!
microcalcification!and!striped!fibrosis!is!seen,!probably!due!to!patchy!watershed!
ischemia.24,25!However,!none!of!these!are!characteristic!of!the!disease!and!could!be!
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indicative!of!other!conditions!such!as!diabetic!nephropathy,!hypertension!and!
chronic!antibody!mediated!rejection.25!
!
Other!complications:!
BK!virus!is!part!of!the!polyomavirus!family!and!has!a!high!prevalence!with!long!
latency.!In!the!immunocompetent!patient,!the!virus!is!dormant!in!the!medulla!and!
cortex!of!the!kidney,!however!in!the!immunosuppressed,!the!virus!can!reactivate!and!
be!detrimental!to!the!graft.2,9!Histologically,!infected!kidney!grafts!reveal!viral!
inclusions!in!the!tubules!of!the!kidney,!which!can!be!confirmed!with!
immunohistochemical!staining!for!the!closely!associated!SV40!antigen.!BK!virus!
infection!is!routinely!screened!in!blood!by!PCR,!however!BK!viraemia!may!not!
necessarily!lead!to!BKVAN.!Urine!cytoscopy!reveals!shedding!of!cells!infected!with!
virusC!called!decoy!cells,!which!is!sensitive,!but!not!specific,!and!so!not!clinically!
useful!for!screening!for!BKVAN.26!As!viral!replication!within!the!graft!continues,!IFTA!
worsens,!however!the!cause!of!this!fibrosis!is!due!to!the!virus!and!treatment!should!
therefore!be!specific.!It!has!been!reported!that!approximately!20%!of!patients!will!
develop!BK!viraemia!within!1!year!of!transplant26!and!BKVAN!in!3C5%!of!patients.16!
!
Hypertension!or!obstruction!can!also!manifest!as!interstitial!fibrosis!and!tubular!
atrophy,!but!are!not!immune!related.!These!are!diagnosed!by!pathologists!who!look!
for!arterial!or!fibrointimal!thickening!or!marked!tubular!dilation!respectively.13!
!
13!
!
Clinical(signs,(symptoms(and(metabolic(descriptors.(
Clinically,!CAD!is!characterized!by!the!slow!progressive!loss!of!function,!presence!of!
proteinuria!and!an!increase!in!blood!pressure.!Histologically,!the!kidney!reveals!
chronic!IFTA!as!described!above,!which!is!inevitably!accompanied!by!vascular!
damage!and!glomeruloscleroris!as!the!damage!progresses!and!renal!function!
continues!to!decrease.9,14!!
!
The!“gold!standard”!of!diagnosing!CAD!is!kidney!biopsy,!however!nonCinvasive!
markers!include!monitoring!of!serum!creatinine!levels,!eGFR!by!validated!estimating!
equations!such!as!the!modification!of!diet!in!renal!disease!(MDRD)!calculations,!
proteinuria!and!haematuria.!!Unfortunately,!serum!creatinine,!eGFR,!proteinuria!and!
haematuria!often!arise!late!in!the!course!of!the!disease,!long!after!the!time!when!
damage!to!the!kidney!is!already!evident!in!biopsies!and!in!many!instances!
underestimates!the!severity!of!the!pathologic!change.5!Ideally!if!therapeutic!
interventions!are!to!be!undertaken!to!alter!the!course!of!the!disease,!the!aim!is!to!
detect!this!damage!at!the!earliest!time!point!possible!and!before!graft!function!
declines.!Hence!the!aim!is!to!develop!nonCinvasive!ways!of!screening!patients!in!the!
hope!of!developing!preventative!treatment!strategies.!
!
!
!
!
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Findings(of(protocol(biopsy(studies(
Use!of!protocol!biopsies!for!the!monitoring!of!renal!transplant!patients!was!first!
proposed!in!the!1980’s.!Not!only!has!this!aided!in!the!clinical!management!of!
patients!and!detection!of!subclinical!and!acute!rejection,!it!has!also!given!great!
insight!into!the!pathogenesis!of!transplant!rejection.!Subclinical!rejection,!defined!as!
the!presence!of!histological!lesions!in!an!otherwise!normally!functioning,!
asymptomatic!graft14,27!differs!from!acute!rejection,!whereby!clinically!the!graft!has!
started!to!falter!and!presents!with!a!rise!in!serum!creatinine,!a!drop!in!glomerular!
filtration!rate!or!an!increase!in!proteinuria.!Both!types!of!rejection!share!similar!
histopathology.17!Several!studies!using!protocol!renal!biopsies!have!correlated!IFTA!
in!well!functioning!grafts!with!worse!patient!outcome!and!later!graft!loss.28C31!
!
It!has!been!well!reported!that!occurrence!of!subclinical!or!acute!rejection!on!
protocol!biopsy!correlates!with!worse!graft!outcome!and!the!development!of!CAD.!
The!majority!of!this!rejection!occurs!in!the!graft!early!after!transplantation,!and!
incidence!falls!by!the!one!year!timepoint.14,16,17,19,27,28,32C36!While!some!centres!report!
finding!subclinical!rejection!at!3!months!post!transplant!in!around!30%!of!their!
patients,37!others!can!be!as!high!as!45%.28!The!difference!in!centres!could!be!due!to!
difference!in!recipient!populations,!the!immunosuppression!regime,!source!of!
donors!and!number!of!HLA!mismatches.16,32!Left!untreated,!both!subclinical!and!
acute!rejection!can!cause!permanent!damage!to!the!graft.36!!
!
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The!findings!of!one!protocol!biopsy!study!by!Nankivell!et!al,!showed!two!specific!and!
important!stages!of!chronic!allograft!injury.!The!early!stage!revealed!
tubulointerstitial!damage!within!the!first!year!of!transplant,!and!is!evident!in!over!
90%!of!patients.!The!cause!of!this!early!damage!was!multifactorial!and!accumulative,!
as!a!result!of!ischemic!injury,!prior!rejection!episodes!and!subclinical!rejection.!These!
early!time!points!may!be!important!to!identify!for!therapeutic!intervention,!although!
published!work!is!limited!in!this!area.!The!second!stage,!which!presents!much!later!
and!can!be!seen!persisting!10!years!postCtransplant,!included!marked!vascular!and!
glomerular!changes,!as!well!as!arteriolar!hyalinosis.!The!difference!in!pathology!here!
is!likely!to!be!due!to!CNI!toxicity.28!
!
The(transcriptome(of(kidney(biopsies(
Since!the!completion!of!the!human!genome!project!in!2003,!which!mapped!and!
sequenced!all!the!DNA!in!a!human!cell!or!tissue,38!a!whole!new!era!of!translational!
medicine!has!arisen,!aimed!at!better!understanding!the!pathophysiology!of!disease,!
personalizing!medicine,!finding!new!therapeutic!targets!and!developing!more!
sensitive!and!specific!diagnostic!tests.39!Microarrays,!which!are!a!high!throughput!
technology!designed!to!detect!the!expression!patterns!of!the!messenger!RNA!which!
codes!for!protein!translation,!have!led!the!way!in!the!field!of!transcriptomics,!leading!
to!hypothesis!generating!data!collection.15,40,41!
!
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With!protocol!biopsy!evidence!pointing!to!early!tubulointerstital!changes!affecting!
graft!survival!and!incidence!of!fibrosis!at!later!time!points,!studies!have!focused!on!
developing!strategies!to!better!understand!the!molecular!mechanisms!behind!these!
lesions.!Microarray!studies!in!this!field!have!attempted!to!determine!the!molecular!
profile!of!acute!or!chronic!allograft!damage,!using!protocol!or!indication!biopsies.!!
!
The!earliest!if!these!microarray!studies!were!in!2003,!when!Sarwal!et!al!
demonstrated!the!use!of!cDNA!hybridization!and!hierarchical!clustering!to!
differentiate!between!the!molecular!profile!of!acute!and!chronic!rejecting!kidneys!in!
paediatric!kidney!transplant!recipients.42!This!initial!50!patient!cohort!paved!the!way!
for!further!studies,!which!looked!at!comparing!the!molecular!pathway!of!CAN!vs!
polycystic!end!stage!renal!disease43!and!CAN!vs!normal!pathology.44C46!These!early!
studies!showed!that,!unsurprisingly,!genes!activated!in!chronic!rejection!were!those!
involved!in!fibrosis,!matrix!deposition,!tissue!remodelling!and!immune!response.!Mas!
et!al!also!followed!on!to!find!that!differential!gene!expression!did!lead!to!differential!
urine!protein!levels!in!concordance!with!their!arrays,!which!highlights!the!feasibility!
of!a!nonCinvasive!clinical!test!for!screening!purposes.45!
!
Genomic!studies!that!looked!at!the!possibility!of!predicting!the!onset!of!CAD!also!
started!around!the!same!time.!The!rationale!for!this!type!of!experiment!lies!not!only!
with!the!importance!of!early!prediction!of!those!patients!that!may!develop!chronic!
rejection,!but!also!to!identify!those!patients!that!possibly!may!not!need!such!close!
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surveillance!and/or!follow!up.!Scherer!et!al!used!a!small!cohort!of!biopsies!taken!6!
months!postCtransplant!and!Affymetrix!genechips,!to!distinguish!those!that!
developed!CAN!by!12!months!and!those!that!didn’t.!A!list!of!ten!genes!were!able!to!
predict,!with!88%!accuracy,!if!a!patient!would!continue!on!to!show!histological!
lesions!of!CAN!or!not.!Moreover,!neither!serum!creatinine!nor!proteinuria!at!6!
months!or!12!months!could!be!correlated!with!the!histological!outcome,!making!the!
array!data!more!convincing!as!a!predictive!signature!of!CAN.47!
!
As!suggested!by!the!findings!of!protocol!biopsy!studies,!the!early!time!points!postC
transplant!seem!to!be!important,!yet!the!genomic!data!for!this!is!limited.!In!our!
laboratory,!a!pilot!study!consisting!of!18!patients!undergoing!protocol!biopsy!at!set!
time!points!postCtransplant!revealed!a!differential!gene!expression!that!predated!the!
onset!of!fibrosis,40!again!highlighting!the!possibility!that!these!types!of!experiments!
will!not!only!enable!identification!of!early!therapeutic!targets!and!allow!for!methods!
of!screening!for!damage!clinically,!but!also!give!some!valuable!insight!into!the!
mechanisms!for!chronic!allograft!injury.!
!
In!the!past!5!years!or!so,!the!field!of!genomics!has!started!to!pull!away!from!
microarrays!and!into!deep!sequencing,!or!“RNACseq”.48!The!advantages!of!RNACseq!
over!the!more!traditional!microarray,!is!the!increased!sensitivity,!better!
reproducibility,!and!identification!of!novel!sequences!and!junctions.41!As!this!is!a!new!
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technology,!such!RNACseq!assays!are!substantially!more!expensive!than!the!more!
traditional!microarray!methods.!However!the!depth!of!coverage!is!vastly!superior.!
!
Recently,!it!has!been!suggested!that!microRNA!(miRNA)!are!responsible!for!the!
discrepancy!between!RNA!levels!and!protein!levels!in!any!1!sample.!MiRNA!are!short!
20C25mer,!nonCcoding!nucleotide!sequences!that!control!the!translation!of!mRNA!to!
protein!by!negative!regulation,!that!is,!by!degrading!the!signal!before!it!has!reached!
its!target,!or!by!suppressing!the!signal.48,49!Thus,!miRNA’s!will!have!an!inverse!
concentration!to!the!corresponding!mRNA!target,!if!the!miRNA!is!increased,!then!the!
mRNA!should!be!decreased!and!vice!versa.!As!such,!miRNA’s!have!emerged!as!a!new!
therapeutic!target!for!kidney!transplant!recipients,!as!well!as!nonCinvasive!markers,!
particularly!in!urine!sediment!samples.50!
!
MiRNA!assays!have!various!advantages!over!the!traditional!mRNA!experiments.!
Firstly,!one!miRNA!can!act!on!many!mRNA’s!targets,!meaning!that!the!miRNA!are!
fewer!and!less!complex.!They!undergo!no!post!processing!modifications,!they!are!
stable!and!are!found!in!various!body!fluids,!making!them!tissue!specific.51!
!
There!is!no!doubt!that!the!tissue!microarray!era!has!helped!our!understanding!of!
chronic!allograft!injury.39,52!While!the!transcriptome!is!able!to!provide!some!valuable!
and!helpful!initial!screens,!it!is!unlikely!to!become!anything!more!than!a!laboratory!
based!experiment!due!largely!to!the!difficulty!in!obtaining!a!kidney!biopsy!specimen!
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suitable!for!analysis,!the!expense!and!the!relatively!long!turnaround!time.!The!
genome!has!a!close!association!with!the!proteome,!with!one!predating!the!other,!
but!the!two!do!not!necessarily!go!hand!in!hand.!Due!to!other!intrinsic!systems,!an!
increase!in!RNA!levels!does!not!necessarily!equate!to!an!equal!increase!in!protein!
levels,!hence!protein!assays!are!always!required!for!validation!of!any!genomic!result!
and!may!provide!a!more!reliable!technology!platform!for!clinically!relevant!assays.52!
(
Proteomics(
Proteomics,!a!term!coined!in!1997,!describes!the!scientific!exploration!of!the!protein!
composition!of!a!sample,!while!the!term!“proteome”!refers!to!the!entire!population!
of!proteins!within!a!sample.53!There!are!two!general!ways!to!experiment!with!
protein!samples!in!a!laboratory.!You!either!look!for!known!specific!proteins!in!a!
targeted!fashion,!or!your!experiment!is!based!around!finding!novel!proteins!or!
markers,!in!a!discovery!experiment.54!
!
Targeted(proteomics(
Targeted!proteomic!experiments!are!designed!to!determine!the!concentration!of!a!
specific!protein!by!enzymeClinked!immunosorbent!assay!(ELISA),!radioimmunoassay!
(RIA),!western!blot!or!other!colourimetric!based!assay.!These!types!of!assay!are!
limited!by!the!need!to!have!a!specific!antibody!to!target,!however,!they!allow!for!
larger!sample!cohorts!to!be!run!with!higher!sensitivity!and!specificity.!!
!
20!
!
The!ELISA!method!has!evolved!as!one!of!the!most!widely!used!targeted!proteomic!
assays!and!has!many!advantages,!including!being!able!to!detect!small!amounts!of!
protein!due!to!it’s!“sandwich”!signal!amplification!steps,!the!availability!to!use!many!
commercialized!kits!and!being!accessible!to!almost!all!modern!laboratories.!!The!
principle!of!the!assay!lies!within!a!bound!antibody,!which!specifically!captures!any!
protein!in!the!sample,!followed!by!a!detection!antibody!and!finally!a!substrate!
antibody,!which!allows!a!visible!signal!to!be!read!by!a!spectrophotometer!to!infer!the!
concentration.54!
!
A!newer!version!of!a!targeted!proteomics!assay!is!the!Luminex!xMAP!technology,!
which!uses!the!same!principles!as!a!sandwich!ELISA,!but!generally!uses!less!sample,!
less!antibody!and!also!allows!for!multiplex!reactions!to!take!place!in!the!one!well.!
The!Luminex!beads!are!similar!in!theory!to!the!capture!antibody!of!an!ELISA!but!are!
mobile,!and!multiple!sites!on!the!bead!allow!for!multiple!antibodies!to!be!tested55.!
The!same!technology!is!used!for!cross!matching!of!transplant!patients.!
!
Discovery(proteomics(
Discovery!based!proteomics!experiments!have!2!steps,!the!first!to!separate!a!
complex!mixture!by!some!kind!of!protein!property,!and!the!second!to!identify!the!
proteins.!There!are!numerous!techniques!to!do!this,!each!with!their!own!advantages!
and!disadvantages.!
!
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Gel!based!coupled!with!tandem!mass!spectrometry!
Gel!based!proteomics,!in!particular!twoCdimensional!gels,!have!been!the!backbone!of!
the!field,!with!its!first!published!use!dating!back!to!1975.56!A!lot!of!the!early!
experiments!to!determine!the!normal!urine!proteome!utilized!this!method.57C61!Gel!
based!proteomics!is!often!used!because!it!is!easily!accessible!in!every!lab,!relatively!
cheap!and!is!able!to!separate!a!large!amount!of!varying!protein!sizes,!ranging!from!as!
small!as!10kDa!to!as!large!as!250kDa.53!The!disadvantages!of!gel!based!techniques!
include!long!processes!and!rather!laborious!protocols,!which!add!to!the!possibility!of!
human!error.!Until!recently,!there!was!the!problem!of!comparing!results!between!
different!gels.!!However!the!introduction!of!an!internal!standard!has!since!resolved!
this!62!Due!to!the!nature!of!the!gel!separation,!only!a!limited!number!of!proteins!are!
able!to!be!identified,!usually!those!that!are!larger!or!in!higher!concentrations!and!
quantification!can!be!difficult.63!
!
The!initial!protein!separation!is!usually!done!in!two!stages,!first!the!isoelectric!
focusing!step!separates!according!to!net!charge!and!then!by!protein!molecular!
weight.53,64!The!identification!of!proteins!of!interest!then!follows!by!matrix!assisted!
laser!desorption/ionisationC!time!of!flight!(MALDICTOF)!tandem!mass!spectrometry.!
Here,!samples!are!ionized!with!the!assistance!of!a!matrix!and!the!time!of!flight!in!a!
vacuum!tube!is!recorded!both!before!and!after!collision!with!an!inert!gas!to!allow!
identification!according!to!mass!spectra.53!
!
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Capillary!electrophoresis!mass!spectrometry!(CECMS)!
The!principle!of!separation!in!CECMS!is!that!charged!protein!molecules!will!move!
when!a!charge!is!applied.!Specific!to!CECMS,!this!separation!occurs!in!a!tube,!with!the!
conduit!able!to!further!separate!the!proteins!into!different!ionic!parts!as!it!moves!
through!the!closed!system.54!As!with!2DCDIGE!experiments,!peptides!separated!by!
capillary!electrophoresis!are!identified!by!mass!spectrometry.!!
!
Capillary!electrophoresis!is!significantly!faster!than!gel!based!proteomic!techniques!
and!has!the!advantage!of!only!using!small!amounts!of!sample!for!analysis.!However,!
the!technology!does!restrict!you!to!analysis!of!proteins!less!than!20kDa!in!size.65!!
!
Liquid!chromatography!mass!spectrometry!(LCCMS)!
Liquid!chromatography!offers!a!fast!and!reliable!method!of!separating!many!
peptides!by!fractionating!them!on!a!column.!Proteins!are!digested!and!fractionated!
using!a!certain!property,!often!size!exclusion,!cationCanion!exchange!or!an!affinity!
binding!system54!and!each!subsequent!fraction!analyzed!by!mass!spectrometry.!This!
method!yields!a!high!sensitivity!and!is!mostly!automated,!but!is!limited!to!peptides!of!
less!than!10kDa,!and!is!easily!affected!by!interfering!compounds.53!
!
SELDICTOF!
Surface!enhanced!laser!desorption!ionization!time!of!flight!is!a!technique!whereby!
the!proteins!are!separated!by!a!certain!characteristic!on!the!surface!of!the!plate!on!
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which!they!are!applied.!The!different!active!surfaces!have!properties!such!as!
hydrophobicity,!antibody!affinity!or!lectin!affinity!so!that!proteins!that!do!have!these!
properties!stick!and!others!flow!through!and!are!washed!away.54!However,!because!
the!conditions!of!the!assay!are!easily!affected!by!pH,!salt!concentration!and!
temperature,!results!are!often!not!reproducible.53!Identification!of!proteins!after!
analysis!also!requires!a!further!step,!as!results!are!displayed!as!spectra,!with!protein!
peaks!at!various!sizes.!!
!
Biomarkers(in(kidney(transplantation(
A!biomarker!is!defined!as!a!parameter!that!is!able!to!quantified!and!correlated!to!an!
outcome!that!determines!disease!progression.66,67!There!are!many!examples!of!
established!biomarkers!in!kidney!transplantation,!including!serum!creatinine,!blood!
pressure,!proteinuria!and!glomerular!filtration!rate.!Biomarkers!for!acute!kidney!
injury!and!acute!cellular!rejection!are!beginning!to!surface,!however!there!are!no!
established!biomarkers!for!chronic!allograft!injury.!This!could!be!partially!due!to!the!
multifactorial!nature!of!the!disease!progression,!as!discussed!earlier.!
!
Ultrasound!guided!needle!biopsy!is!the!traditional!method!of!diagnosing!chronic!
allograft!injury,!thus!most!of!the!work!being!done!currently!focuses!on!using!either!
serum!or!urine!as!a!biofluid!to!replace!this!invasive!procedure.!While!very!effective,!
needle!biopsy!is!expensive!and!can!be!the!source!of!anxiety!for!patients.!While!
deemed!a!very!safe!practice,!it!does!carries!a!small!amount!of!risk,!with!
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approximately!3%!of!patients!undergoing!renal!transplant!biopsies!suffering!from!
major!complications!requiring!further!intervention!such!as!blood!transfusion,!
drainage,!or!embolization!and!a!further!6%!suffering!minor!complications!and!
requiring!observation.68!
!
The!fact!that!urine!can!be!collected!frequently,!abundantly!and!nonCinvasively!means!
that!it!has!the!prospect!of!being!diagnostically!relevant,!as!well!as!a!means!of!
screening!patients.!In!comparison!to!serum,!urine!also!has!the!advantages!that!it!is!
less!complex!in!composition!and!more!stable.69!Urine!has!been!explored!by!almost!
every!single!proteomics!method,!with!some!early!promise.!!
!
There!are!numerous!ways!in!which!research!into!early!detection!and!screening!of!
patients!could!be!implemented!into!clinical!practise.!If!urine!protein!biomarkers!are!
found!to!be!specific!and!sensitive!enough,!they!could!replace!some!biopsies!in!a!
cohort!of!patients!that!are!low!risk,!and!highlight!those!patients!that!require!the!
invasive!procedure!to!be!scrutinised!further.!This!could!potentially!decrease!health!
care!costs!if!the!number!of!biopsies!was!decreased.!Alternatively,!urine!screening!
would!be!performed!more!frequently!than!surveillance!biopsies,!which!are!generally!
carried!out!at!set!time!points!post!transplant.17!
!
There!are!multiple!avenues!for!proteins!to!enter!the!urinary!space!and!be!excreted,!
which!gives!increased!validity!to!finding!viable!biomarkers!for!kidney!disease!in!the!
25!
!
urine.!Excess!protein!can!arise!in!urine!when!the!glomerular!capillaries!become!more!
permeable,!allowing!more!proteins!to!enter!the!proximal!tubule,!when!a!diseased!
tubule!allows!more!filtered!proteins!to!be!excreted,!when!an!extreme!increase!in!
blood!protein!creates!an!overflow!into!the!urine!or!when!an!inflammatory!or!
cytolytic!process!in!the!urinary!tract!secretes!proteins!into!the!urine!after!
filtration.67,70!!
!
The!normal!urine!proteome!is!estimated!at!having!over!1500!proteins,!many!of!them!
membrane!protein!arriving!into!the!urine!via!exosomal!excretion.71!!
!
Acute(RNA/miRNA(biomarkers(of(rejection(in(urine(
Although!acute!rejection!rates!have!fallen!over!the!last!decade,!much!of!the!research!
in!the!urine!biomarker!field!has!been!aimed!at!replacing!the!needle!biopsy!and!to!
find!markers!that!are!able!to!distinguish!different!types!of!acute!rejection!and!mixed!
pathologies.!An!example!of!this!type!of!analysis!was!recently!reported!by!Sidgel!et!al,!
where!the!authors!proposed!a!rapid!DNA!assay!which!looks!for!YCchromosome!cell!
free!DNA!in!the!recipient!urine.!The!obvious!pitfall!to!this!type!of!analysis!is!that!it!
can’t!be!applied!to!the!entire!transplant!population,!only!in!a!female!patient!with!a!
male!donor!kidney.72!However,!the!paper!did!conclude!that!there!was!higher!donorC
derived!cellCfree!DNA!in!the!urine!of!patients!with!acute!rejection,!but!it!was!unable!
to!distinguish!an!acute!rejection!episode!from!a!BK!virus!infection.!
!
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In!a!recently!published!large!cohort!collaborative!paper,!Suthanthiran!et!al73!
reported!a!urine!signature!of!IPC10,!18s!RNA!and!CD3e!that!discriminated!between!a!
biopsy!with!no!rejection!and!a!biopsy!with!acute!cellular!rejection!with!a!specificity!
of!78%!and!a!sensitivity!of!79%.!Furthermore,!this!3!gene!signature!also!
discriminated!between!acute!cellular!rejection,!acute!antibody!mediated!rejection!
and!borderline!rejection.!The!signature!predated!histology!by!showing!a!sharp!
increase!in!the!gene!signature!in!the!weeks!leading!up!to!the!insult.!
!
Chronic(RNA/miRNA(biomarkers(of(rejection(in(urine(
It!was!been!reported!that!mRNA!levels!of!kidney!injury!molecule!1!(KIMC1)!in!urine!
sediment!cells!is!able!to!differentiate!between!biopsies!with!fibrosis!and!biopsies!
that!show!acute!tubular!necrosis,!acute!rejection!or!CNI!toxicity.74!In!a!similar!
experiment,!Anglicheau!and!colleagues!described!a!urine!molecular!signature!at!the!
time!of!biopsy!that!was!unique!to!patients!with!fibrosis.!The!signature!included!
perforin,!granzyme!B!and!vimentin.75!However,!the!signature!failed!to!discriminate!
between!grades!of!fibrosis,!only!the!presence!or!absence!of!it!on!the!biopsy.!!
!
With!the!new!advent!of!miRNA!screening,!Maluf!and!colleagues!identified!miRNA!
candidates!from!urine!cell!pellets!that!differ!between!patients!with!IFTA!and!patients!
with!normal!graft!function!both!at!the!time!of!injury!and!predating!it.!The!miRNA’s!
that!were!differentially!expressed!were!largely!involved!in!inflammation!upon!
ontology!analysis.51!A!strength!of!this!particular!study!was!the!use!of!microarrays!to!
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screen!for!potential!candidates,!and!then!validation!of!the!results!in!an!independent!
set!of!patients!using!QRTCPCR,!which!differed!from!the!other!papers!in!this!field.75,76!
(
While!the!issue!of!an!invasive!test!has!been!addressed!by!moving!from!kidney!biopsy!
to!urine!to!find!a!gene!expression!biomarker,!the!issues!of!practicality,!expense!and!
robustness!still!remain.!The!ideal!biomarker!or!biomarkers!are!still!likely!to!be!found!
in!the!urine!but!a!protein!assay!would!be!more!clinically!applicable.!
(
Acute(protein(biomarkers(of(rejection(in(urine(
There!have!been!several!reports!of!single!urine!proteins!discriminating!between!
kidney!injury!aetiology.!Neutrophil!gelatinaseCassociated!lipocalin!(NGAL)!levels!
correlated!to!acute!cellular!rejection!in!12!live!donor!transplants!recipients.77!NGAL!
has!also!been!described!to!be!able!to!discriminate!between!acute!rejection!and!other!
types!of!acute!kidney!injury,!although!it!is!likely!these!results!were!biased!by!the!
small!amount!of!patients!that!showed!rejection,!with!only!9!of!the!182!samples!
analysed!showing!biopsy!proven!rejection.78!!
!
Other!examples!of!single!protein!assays!include!osteopontin,!which!was!correlated!to!
late!acute!rejection!episodes!(>36!month!post!transplant)!in!urine!and!serum,!with!
specificity!of!81.2%!and!sensitivity!of!95.5%.!It!also!increased!with!as!the!severity!of!
acute!rejection!increased.79!Urine!Endothelial!Protein!C!Receptor!can!separate!biopsy!
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proven!acute!antibody!mediated!rejection80!to!T!cell!mediated!rejection!and!no!
rejection.!!
!
Beta2!microglobulin!(B2M)!is!one!of!the!most!heavily!reported!biomarkers!of!kidney!
injury,!in!both!an!acute!and!chronic!setting.81!It!is!hypothesized!that!damage!to!the!
proximal!tubule!cells!lead!to!a!decrease!in!reabsorption!of!B2M!and!hence!an!
increase!in!it’s!excretion!into!the!urine.!However,!the!increase!of!B2M!might!not!
necessarily!arise!from!rejection,!but!also!all!types!of!acute!kidney!injury,!including!
infection!or!CNI!toxicity.82!In!a!separate!urine!study,!B2M!correlated!strongly!to!acute!
rejection!at!time!of!injury!when!compared!to!stable!graft!function!patients,!
preoperative!kidney!donors!and!native!proteinuric!patients.83!
!
With!urine!being!so!diverse,!it!is!more!likely!that!not!one,!but!several!proteins!will!be!
required!to!accurately!diagnose!one!type!of!rejection!from!another.83!Using!this!type!
of!approach,!a!panel!of!biomarkers!has!been!described!in!several!papers,!including!
publications!that!compare!the!urine!proteome!of!acute!rejecting!transplant!patients!
with!urinary!tract!infections,84!and!papers!comparing!rejecting!patients!to!non!
rejecting!patients.85C87!
!
Chronic(protein(biomarkers(of(rejection(in(urine(
Considering!that!low!level!protein!excretion!in!the!urine!is!common!in!renal!
transplant!recipients!at!1!year,88!recently!published!work!has!reported!urine!
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proteome!markers!of!chronic!damage.!However,!like!the!acute!rejection!markers,!
many!studies!of!chronic!damage!focus!on!a!singular!protein!rather!than!a!panel.!
These!studies!also!use!a!targeted!proteomics!approach,!focusing!on!one!known!
protein.!Examples!include!retinol!binding!protein!(RBP)!as!a!sensitive!marker!of!
histological!lesions!when!corrected!for!creatinine!at!the!time!of!damage88,!
connective!growth!tissue!factor!(CGTF)!associated!with!interstitial!fibrosis,!89,90!and!
CCL2!as!a!predictor!for!the!development!of!IFTA91!and!for!death!censored!late!graft!
loss.92!
!
Many!contemporary!technologies!have!been!used!in!the!search!for!potential!
biomarkers.!2DCDIGE!of!urine!samples!has!only!been!used!in!one!other!kidney!
transplant!study,!where!19!proteins!that!were!associated!with!chronic!damage!at!the!
time!of!biopsy!for!cause!were!detected.93!SELDICTOF!has!been!used!to!identify!some!
protein!biomarkers!of!CAD,!but!these!proteins!were!also!associated!with!damage!at!
the!time!of!for!cause!biopsy,!not!predating!it.!This!experiment!listed!B2m,!protein!
AMBP!and!prealbumin!as!markers!of!CAD,!but!focused!on!validating!endorepellin!as!
a!marker!as!it!was!novel.94!The!follow!up!data!from!this!paper!suggested!that!
pigment!epitheliumCderived!factor!as!measured!by!ELISA!is!a!marker!for!CAD!at!time!
of!biopsy.95!
!
LCCMS!was!used!to!identify!peptides!that!could!separate!healthy!control,!normal!
graft!function,!IFTA!and!chronic!antibody!mediated!rejection!and!found!that!peptides!
30!
!
associated!with!uromodulin!and!kininogen!were!higher!in!the!two!control!groups!
than!in!the!patient!groups!with!chronic!damage.96!The!same!laboratory!has!also!used!
mass!spectrometry!to!identify!ions!that!differentiate!the!same!patient!cohort.97!
!
Only!one!study!of!a!predictive!panel!of!biomarkers!has!been!published,!a!group!in!
France!used!metal!affinity!and!cationic!surface!chemistries!in!a!SELDICTOF!setting!and!
was!able!to!identify!a!protein!signature!of!3!proteins!that!predicted!the!development!
of!CAD!with!87%!sensitivity!and!100%!specificity.!However!this!paper!was!not!able!to!
provide!a!protein!ID!for!these!3!proteins,!only!referring!to!the!mass!of!the!protein,!
and!therefore!validation!of!this!signature!cannot!be!independently!performed.98!
Another!limitation!of!the!study!was!that!renal!biopsy!was!only!performed!in!9!out!of!
41!patients,!with!CAD!being!diagnosed!by!creatinine!clearance!in!all!other!patients.!!
!
Existing!evidence!is!lacking!for!a!panel!of!protein!biomarkers!that!can!accurately!
predict!the!cohort!of!patients!within!the!immediate!postCtransplant!period!that!go!
on!to!develop!fibrosis,!without!the!classic!clinical!predictors.!By!identifying!these!
patients!early!there!is!an!opportunity!to!intervene!before!damage!becomes!
irreversible.!This!approach!is!a!step!towards!personalized!medicine!in!the!transplant!
field!and!could!be!used!as!an!important!screening!tool!to!monitor!for!the!
development!of!chronic!allograft!damage.!
! !
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Hypotheses(
1)!Structural!and!immunological!changes!in!the!kidney!will!occur!as!early!as!3!months!
post!transplant!and!predate!the!graft!damage.!
2)!The!pathophysiological!changes!in!the!kidney!will!result!in!protein!composition!
changes!that!can!be!quantified!in!urine!and!sera.!
3)!Protein!targets!identified!by!kidney!biopsy!genomics!will!be!reflected!by!changes!
in!the!urine!proteome.!
4)!Further!identification!of!other!proteins!will!lead!to!new!therapeutic!targets!for!
investigation!and!clinical!application.!
((
Aims(
1)!Recruit!a!renal!transplant!population!and!collect!serial!protocol!biopsies,!urines,!
serum!and!clinical!information.!
2)!Correlate!urine!and!serum!findings!at!3!months!to!chronic!damage!scores!at!12!
months!using!targeted!(ELISA)!and!discovery!(2DCDIGE!coupled!to!tandem!mass!
spectrometry)!proteomic!techniques.!
3)!Identify!proteins!that!would!be!able!to!stratify!patients!at!3!months!in!to!those!
that!develop!IFTA!and!those!that!would!have!a!normal!12!month!biopsy.!!
!
!
! !
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2.1(Background8(
Chronic!allograft!damage!(CAD)!continues!to!be!the!main!impediment!to!long!term!
graft!survival.1!Currently,!the!diagnosis!of!CAD!relies!on!a!kidney!biopsy.!The!biopsy!
shows!the!hallmark!interstitial!fibrosis!and!tubular!atrophy!(IFTA),!accompanied!by!
arteriolar!hyalinosis!and!glomerulosclerosis.2!Importantly,!evidence!of!IFTA!on!a!
biopsy!is!associated!with!worse!patient!graft!survival.!It!has!been!published!that!
evidence!of!chronic!interstitial!fibrosis!on!a!protocol!biopsy!is!a!statistically!significant!
predictor!of!patients!that!go!on!to!develop!chronic!allograft!nephropathy.3!
Moreover,!the!identification!of!IFTA!on!a!biopsy!as!a!risk!factor!for!later!graft!damage!
is!independent!of!classic!markers!of!graft!deteoriation,!such!as!serum!creatinine,!
acute!rejection!and!proteinuria.4!!
!
The!pathogenesis!of!chronic!rejection!remains!controversial!due!to!the!multifactorial!
nature!of!the!disease!and!the!complexity!of!the!disease!progression.!The!factors!that!
are!associated!with!the!development!of!CAD!are!both!immune!and!non!immune!
stemming!from!both!donor!and!recipient.1,5!These!include!cadaveric!donor!organ,!
recipient!age,!gender!and!race,!HLA!matching,!previous!renal!events!such!as!delayed!
graft!function!and!sub!clinical!rejection!and!renal!function.!The!most!popular!
hypothesis!for!the!pathogenesis!of!CAD!is!the!cumulative!damage!theory,!which!
states!that!a!series!of!independent!insults!to!the!kidney!result!in!eventual!nephron!
loss!and!graft!failure.5!Identifying!an!early!predictor!of!IFTA!at!a!timepoint!prior!to!
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damage!would!allow!screening!of!people!at!risk!with!the!aim!of!changing!
management.!!
!
The!microarray!and!genomic!era!has!allowed!for!high!throughput!screening!of!large!
patient!cohort!using!whole!genome!screening!for!hypothesis!generating!experiments!
of!CAD.6!While!this!has!helped!with!the!understanding!of!the!pathogenesis!of!disease!
progression!and!allows!a!vast!amount!of!information!to!be!mined,!genomic!analysis!
still!relies!on!invasive!kidney!biopsy!and!is!relatively!expensive.7!A!urine!protein!
biomarker!would!enable!this!screening!to!be!done!nonOinvasively!and!provide!a!more!
clinically!applicable!and!practical!diagnostic!test.8!
!
The!patients!used!in!this!thesis!chapter!are!a!single!center!cohort!recruited!to!the!
Genomics!of!Chronic!Allograft!Rejection!(GoCAR)!study.!Patients!undergo!serial!
protocol!biopsies!and!are!analysed!by!Affymetrix!gene!array.!Unpublished!data!from!
the!GoCAR!study!has!identified!a!robust!3!month!panel!of!candidate!genes!that!is!
able!to!predict!chronic!damage!at!12!months.!In!amongst!this!gene!set!is!the!75O
80kDa9!ubiquitous!glycoprotein!clusterin.!The!clusterin!gene!and!protein!expression!
has!been!identified!as!a!marker!of!kidney!injury!in!several!disease!states!and!animal!
models!including!nephrotic!syndrome10,11!drug!toxicity12O15!and!bladder!cancer16,17.!!
!
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Since!clusterin!was!identified!as!a!potential!marker!of!chronic!damage!in!kidney!
transplant!recipients!within!the!GoCAR!study,!our!hypothesis!was!that!early!clusterin!
levels!in!urine!at!3!months!and!possibly!to!a!lesser!extent!in!serum,!will!be!higher!in!
patients!who!show!poor!kidney!function!or!more!graft!damage!at!12!months!post!
transplant,!reflecting!the!findings!of!the!gene!array.!The!aim!of!this!experiment!was!
to!determine!whether!clusterin!in!the!urine!was!predictive!of!IFTA!and!hence!may!
have!potential!as!a!urine!biomarker.!!
!
2.2(Methods8((
Patient!cohort!
The!samples!used!in!this!study!came!from!a!renal!transplant!population!recruited!at!
Westmead!Hospital!between!January!2010!and!July!2011.!Patients!gave!informed!
consent!and!were!recruited!to!the!International!Genomics!of!Chronic!Allograft!
Rejection!(GoCAR)!study.!The!inclusion!criteria!of!GoCAR!was:!
1) undergoing!a!live!donor!or!cadaveric!kidney!transplant!including!simultaneous!
pancreas!kidney!(SPK)!transplant!
2) being!between!the!age!of!18O75!
3) Not!having!any!preOexisting!donor!specific!antibodies.!!
!
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Of!the!57!patients!who!were!enrolled!in!the!study,!43!were!eligible!for!further!urine!
analysis!(see!figure!2.1!below).!Three!patients!were!diagnosed!with!BKVAN!prior!to!
the!12!month!biopsy.!Due!to!the!nature!of!BK!virus!and!the!pathology!that!is!seen!
when!infection!is!diagnosed,!these!patients!were!excluded!from!any!further!analysis,!
leaving!40!urine!samples!for!analysis.!All!patients!that!had!a!3!month!urine!sample!
analysed!had!a!concurrent!3!month!serum!sample!analysed.!An!outline!of!each!
analysis!in!this!thesis!is!shown!in!figure!2.2a!for!urine!samples!and!2.2b!for!serum!
samples!below.!
!
Figure!2.1!Recruitment!of!patient!cohort!for!urinary!clusterin!study!!
!
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Figure!2.2a!Breakdown!of!3!month!urine!samples!used!in!each!analysis!
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!
Figure!2.2b!Breakdown!of!3!month!serum!samples!used!in!each!analysis!
!
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Urine!collection!and!storage.!
Urine!was!collected!where!possible!as!clean!catch!midOstream!morning!specimen!
before!transplant!biopsy.!Approximately!10O40mL!of!urine!was!collected!into!sterile!
50mL!urine!jars!and!processed!within!24!hours!of!voiding.!Specimens!were!
centrifuged!to!separate!urine!supernatant!from!cells,!casts!and!debris!and!noted!for!
red!blood!cell!contamination.!Urine!supernatant!was!sampled!into!15mL!aliquots!in!
sterile!centrifuge!tubes!without!addition!of!proteinase!inhibitors!and!stored!at!O80°C!
until!further!use.!
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Clusterin!ELISA!principle!
A!commercially!available!human!clusterin!ELISA!kit!(Biovendor,!Brno,!CZ)!was!stored!
at!4°C!and!used!within!expiry!date.!The!kit!had!8x12!microplate!strips,!which!were!
preOcoated!with!the!clusterin!antibody.!The!samples!and!standards!were!incubated!
at!room!temperature!and!allowed!to!bind!for!60!minutes.!After!this!incubation,!any!
unbound!sample!was!washed!from!the!strips.!A!second!monoclonal!antibody!was!
added!to!the!wells!of!the!plate,!which!was!biotin!labelled.!This!step!aims!to!provide!a!
bridge!between!the!monoclonal!antibody!and!the!substrate!antibody!that!will!emit!
colour!for!calculation!of!concentration.!After!washing,!streptavidinOHRP,!which!binds!
the!biotin!captured!clusterin!was!added.!Substrate!solution!was!then!added,!which!
reacts!with!HRP.!The!more!streptavidin!bound,!the!darker!the!sample!colour!and!
therefore!the!more!clusterin!in!the!sample.!The!plates!were!allowed!to!develop!in!
the!dark!until!the!reaction!was!stopped!by!the!addition!of!an!acidic!solution.!Plates!
were!immediately!read!using!a!Multiskan!EX!plate!reader!(Thermo!Scientific,!MA,!
USA)!at!the!nominal!wavelength!(620nm)!and!corrected!for!absorbance!at!interfering!
wavelengths!(450nm).!!
!
Assay!protocol!
Urine!specimens!were!thawed!to!room!temperature!on!the!day!of!assay.!4mLs!of!
urine!supernatant!was!added!to!the!filter!unit!of!a!3kDa!Amicon!Ultra!centrifugal!unit!
(Merck!Millipore,!CO,!IRL)!and!centrifuged!at!3500xg!until!1mL!of!urine!remained.!
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The!flow!through!of!the!centrifugal!unit!was!discarded.!The!remaining!1mL!was!
transferred!to!a!1.5mL!microtube!and!kept!on!ice.!200μL!of!the!sample!was!sent!to!
the!pathology!hub!for!creatinine!concentration!by!a!VITROS!analyzer,!while!200μL!
(100μL!in!duplicate)!of!urine!was!used!neat!in!the!assay.!A!standard!curve!for!the!
clusterin!assay!was!created!using!serial!dilutions!of!the!master!clusterin!standard!
provided!by!the!kit.!The!assay!was!performed!as!per!the!manufacturer’s!protocol,!
with!the!resulting!wavelength!being!calculated!as!450nmO620nm!and!all!sample!
values!being!interpolated!from!the!standard!curve!generated!from!the!known!
standard!concentrations.!Any!values!that!were!higher!or!lower!than!the!standard!
samples!were!excluded!from!analysis!or!repeated!until!they!fell!within!the!assay!
range.!Clusterin!was!expressed!as!μg/mmol!of!creatinine!to!standardize!for!urine!
concentration.!
!
Serum!was!diluted!1:3000!as!recommended!by!the!manufacturer!and!the!assay!was!
performed!as!above.!
!
Histopathology!scoring!
One!to!two!biopsy!cores!were!taken!from!the!transplanted!kidney!upper!pole!under!
local!anaesthetic!(1O2%!lignocaine)!and!ultrasound!guidance!using!sterile!conditions.!
Core!biopsies!sampled!using!an!18!gauge!needle!were!stored!in!Eagles!medium!
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before!being!blocked,!cut!and!stained!by!the!Institute!for!Clinical!Pathology!and!
Medical!Research!(ICPMR)!at!Westmead!Hospital.!Before!histopathological!
examination,!slides!were!stained!with!Haematoxylin!and!Eosin!(H&E),!Periodic!Acid!
Schiff!reagent!(PAS)!and!a!trichrome!stain.!Where!warranted,!additional!special!
stains!were!also!done,!including!C4d!for!the!diagnosis!of!antibody!mediated!rejection!
and!SV40!stain!for!the!diagnosis!of!BK!virus!nephropathy.!The!slides!were!scanned!
into!data!files!by!the!Aperio!Scanscope!and!read!centrally!by!a!single!pathologist!
under!the!revised!Banff!schema!and!also!scored!for!CADI.!Both!sets!of!data!were!
used!for!statistical!analysis.!An!IFTA!score!was!calculated!by!combining!the!Banff!“ci”!
and!“ct”!scores.!
!
Correlation!
Urine!protein!levels!of!clusterin!were!measured!at!3!months,!and!correlated!with!
current!markers!of!chronic!damage!at!12!months,!namely!12!month!IFTA!scores,!12!
month!CADI!scores!and!12!month!estimated!glomerular!filtration!rate!(eGFR).!
Statistics!were!performed!using!SPSS!version!17!(spearman!correlation),!Graph!pad!
prism!version!5!(ANOVA)!and!Excel!Version!14.4.3!(average,!standard!error,!students!
tOtest).!Data!is!graphed!using!averages!and!error!bars!represent!standard!error!of!the!
mean.!The!6!month!data,!which!was!limited!by!small!patient!numbers,!is!outlined!in!
appendix!1.!
!
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2.3(Results8((
2.3.1!Patient!demographics!
The!transplant!recipient’s!demographics!used!in!these!experiments!are!outlined!in!
table!2.1.!This!patient!cohort!is!similar!to!the!broader!renal!transplant!population!in!
Australia.18!All!patients!in!this!thesis!had!concurrent!routine!blood!and!urine!samples!
performed!as!standard!of!care.!There!were!16!living!related!transplants!and!24!
cadaveric!transplants.!All!patients!received!standard!induction!immunosuppression!
consisting!of!intravenous!basiliximab!on!day!0!and!day!4,!tacrolimus,!prednisolone!
and!mycofenolate!mofetil!(MMF).!!
!
In!this!patient!cohort,!8!out!of!40!patients!(20%)!had!a!history!of!delayed!graft!
function!(DGF)!as!defined!by!a!<20%!drop!in!serum!creatinine!within!48!hours!post!
transplant!and!6/40!patients!(15%)!experienced!biopsy!proven!acute!rejection!of!
Banff!grade!1A!or!higher!within!the!first!3!months!post!transplant.!At!3!months!post!
transplant!when!urine!was!collected,!2!out!of!40!patients!had!been!switched!from!
tacrolimus!to!cyclosporine!and!1!out!of!40!had!been!switched!from!mycofenolate!
mofetil!to!azathioprine.!No!patients!lost!their!graft!during!the!two!year!follow!up.!!
!
!
!
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Table!2.1!Transplant!characteristics!of!the!patient!cohort!
Transplant(characteristic( Thesis!population!
(n=40)!
Australian!transplant!
population!in!2011!
(n=825)!
Recipient!Male:female!(%male)! 25:15!(63%)! Not!collected!
Average!age!at!transplant! 46!years! 50!years!
%!Causcasian! 80%! 79.8%!
Type!of!Transplant!
living!related:cadaveric!(%!live!
donor)!
16:24!(40%)! 255:570!(31%)!
!
!
Of!the!eligible!recruited!patients!with!sufficient!urine!sample,!38!had!a!3!month!
biopsy!(1!with!insufficient!tissue!for!diagnosis),!and!35!had!a!12!month!biopsy!(1!with!
insufficient!tissue!for!diagnosis).!Reasons!for!missing!a!protocol!biopsy!were!acute!
illness,!patient!not!returning!to!clinic,!or!the!biopsy!being!clinically!contraindicated.!
The!combined!results!of!all!biopsy!scores!are!outlined!in!table!2.2!below.!Given!the!
evidence!that!chronic!damage!worsens!over!time!it!was!not!unusual!to!see!that!the!
average!IFTA!and!CADI!scores!were!higher!at!12!months!compared!to!3!months.!
Overall,!however,!all!biopsy!scores!are!considered!relatively!low!across!the!cohort,!
with!only!3!patients!having!an!IFTA!scores!of!>2!and!5!patients!with!a!CADI!score!of!
>4!at!3!months!post!transplant.!
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Table!2.2!Biopsy!chronic!damage!scores!post!transplant!by!timepoint!
! Average!IFTA!score!±!standard!
deviation!
Average!CADI!score!±!standard!
deviation!
3!month!biopsy!
(n=36)!
0.53!±!0.84! 1.56!±!1.79!
12!month!biopsy!
(n=34)!
1.18!±!1.27! 2.26!±!2.34!
!
! !
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2.3.2!Potential!confounders!that!could!increase!clusterin!!
2.3.2a!Previous!injury!
In!this!cohort!of!patients!a!history!of!delayed!graft!function!(Figure!2.3)!or!acute!
rejection!(Figure!2.4)!was!not!associated!with!an!elevated!3!month!urine!clusterin!(p=!
0.91!and!0.71!respectively).!
!
Figure!2.3!Three!month!urine!to!clusterin:creatinine!ratios!stratified!by!patient!
history!of!delayed!graft!function!in!37!renal!transplant!recipients.!
!
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Figure!2.4!Three!month!urine!clusterin:creatinine!ratios!stratified!by!patient!history!
of!acute!cellular!rejection!in!37!renal!transplant!recipients.!
!
!
!
!
!
!
!
!
2.3.2b!Concurrent!proteinuria!
Figure!2.5!outlines!the!patient’s!clusterin:creatinine!ratios!and!albumin:creatinine!
ratios!measured!at!the!same!time!point!post!transplant,!but!in!different!urine!
samples.!The!R2!value!for!this!trendline!is!0.06,!showing!weak!correlation!between!an!
increase!in!proteinuria!and!an!increase!in!urine!clusterin.!This!means!that!a!high!
clusterin:creatinine!urine!ratio!is!independent!of!proteinuria.!
!!
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Figure!2.5!Scatter!plot!of!3!month!urine!clusterin!and!3!month!proteinuria!in!31!renal!
transplant!patients!
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2.3.2c!Concurrent!histology!
The!3!month!urine!clusterin!results!do!not!correlate!to!the!presence!or!absence!of!
IFTA!(p=0.56)!or!CADI!(p=0.39)!on!the!3!month!biopsy.!Patients!were!divided!into!2!
groups,!those!with!and!those!without!IFTA!(figure!2.6)!or!CADI!(figure!2.7)!on!their!3!
month!biopsy!and!their!corresponding!clusterin!levels!compared.!The!horizontal!bars!
represent!average!scores,!showing!similarity!between!the!two!groups.!This!is!an!
important!analysis,!as!it!shows!that!the!clusterin!results!are!not!purely!representing!
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the!current!status!of!the!histological!lesions!in!the!3!month!post!transplant!kidney!
and!are!more!specific!to!the!analysis!of!a!predictive!marker!at!the!12!month!
timepoint.!
!
Figure!2.6!Three!month!urine!clusterin:creatinine!ratios!!in!34!renal!transplant!
patients!stratified!by!the!presence!or!absence!of!IFTA!on!the!3!month!biopsy!
!
(
(
(
(
(
Figure!2.7!Three!month!urine!clusterin:creatinine!ratios!!in!34!renal!transplant!
patients!stratified!by!the!presence!or!absence!of!CADI!on!the!3!month!biopsy!
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2.3.3!Urine!clusterin!as!a!predictive!marker!of!subsequent!graft!damage!
2.3.3a!Three!month!urine!clusterin!does!not!significantly!correlate!with!IFTA/CADI!at!
twelve!months!
Of!the!40!urines!that!were!available!for!3!month!urine!clusterin!ELISA,!there!were!3!
patient!samples!that!were!below!the!detectable!limit!of!the!assay!and!a!further!5!
patients!had!no!12!month!histology!available,!leaving!32!patient!samples!available!
for!analysis.!Data!is!represented!as!averaged!3!month!urine!clusterin:creatinine!
ratio’s,!with!errors!bars!representing!standard!error!of!the!mean!for!12!month!IFTA!
(figure!2.8)!and!12!month!CADI!scores!(figure!2.9).!
!
Figure!2.8!Three!month!urine!clusterin:creatinine!ratios!of!32!renal!transplant!
patients!averaged!for!12!month!IF/TA!scores!
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Figure!2.9!Three!month!urine!clusterin:creatinine!ratios!of!32!renal!transplant!
patients!averaged!for!12!month!CADI!scores!
!
!
!
!
!
!
!
!
There!was!no!correlation!between!3!month!clusterin!levels!and!IFTA!or!CADI!scores!
at!12!months!(p=0.49!and!0.7!for!IFTA!and!CADI!respectively).!Clusterin!levels!were!
numerically!higher!in!patients!with!more!damage,!but!small!numbers!in!the!
moderateOhigh!grade!interstitial!damage!group!limited!the!statistical!power.!There!
was!no!difference!in!3!month!urine!clusterin:creatinine!levels!between!the!patients!
who!had!no!damage!on!their!12!month!biopsy!compared!to!the!patients!who!had!
mild!damage!on!their!12!month!biopsy.!
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2.3.3b!Three!month!urine!does!not!significantly!correlate!with!a!change!in!IFTA/CADI!
Of!the!32!patients!with!both!3!month!urine!clustein!analysis!and!12!month!histology,!
30!had!a!3!month!biopsy!available!for!a!delta!IFTA/CADI!analysis!(Figure!2.10!and!
2.11).!Data!is!represented!as!averaged!3!month!urine!clusterin:creatinine!ratio’s,!
with!errors!bars!representing!standard!error.!
Figure!2.10!Three!month!urine!clusterin:creatinine!ratios!in!30!renal!transplant!
patients!compared!to!their!change!between!3O12!month!IFTA!scores.!
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Figure!2.11!Three!month!urine!clusterin:creatinine!ratios!in!30!renal!transplant!
patients!compared!to!their!change!between!3O12!month!CADI!scores.!
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There!was!no!relationship!between!3!month!urine!clusterin:creatinine!ratio’s!and!a!
delta!histology!analysis!(p=0.83!and!0.98!for!IFTA!and!CADI!analysis!respectively).!
!
2.3.3c!Three!month!urine!does!not!significantly!correlate!with!a!change!in!eGFR!
Of!the!40!urine!specimens!that!were!analyzed!for!clusterin,!3!patient!samples!were!
excluded!from!analysis!as!they!were!below!the!detectable!limits!of!the!assay,!leaving!
37!remaining!for!a!change!in!eGFR!analysis!(Figure!2.12).!
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Figure!2.12!Three!month!urine!clusterin:creatinine!ratios!of!37!renal!transplant!
patients!averaged!for!the!change!in!eGFR!between!3!and!12!months.!
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Although!not!statistically!significant,!there!appears!to!be!a!trend!towards!higher!
urine!clusterin:creatinine!ratios!in!those!patients!whose!eGFR!declined!over!time!
post!transplant,!compared!to!those!patients!who!had!stable!or!improving!graft!
function!(p=0.35).!
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2.3.4!Serum!clusterin!as!a!predictor!of!subsequent!graft!damage.!
2.3.4a!Three!month!serum!clusterin!does!not!significantly!correlate!to!IFTA/CADI!at!
twelve!months!
Of!the!40!eligible!recruited!patients,!all!40!had!3!month!serum!stored!and!available!
for!clusterin!analysis.!As!mentioned!previously,!5!of!these!patients!had!no!12!month!
biopsy!taken,!and!there!was!also!one!patient!with!insufficient!tissue!for!diagnosis,!
leaving!34!available!for!serum!analysis.!
!
Figure!2.13!Three!month!serum!clusterin!of!34!renal!transplant!patients!averaged!for!
twelve!month!IF/TA!scores!
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Figure!2.14!Three!month!serum!clusterin!of!34!renal!transplant!patients!averaged!for!
twelve!month!CADI!scores!
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Although!it!seemed!that!there!was!a!trend!to!higher!average!urine!clusterin!levels!in!
the!3!month!serum!of!patients!with!moderate!damage!there!was!no!significant!
difference!in!clusterin!concentration!in!patients!with!higher!IFTA!(figure!2.13)!or!CADI!
(figure!2.14)!scores!(p=0.4!and!0.12!for!IFTA!and!CADI!respectively)!and!again!this!is!
may!be!due!to!the!lack!of!power.!Interestingly,!as!with!the!urine,!both!no!damage!
and!mild!damage!yield!very!similar!serum!clusterin!concentrations!while!the!increase!
is!seen!in!the!group!with!moderate!damage.!There!is!a!significant!increase!in!3!month!
serum!clusterin!levels!in!a!2Osided!students!tOtest!if!you!group!together!the!no!
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damage!and!mild!damage!groups!(CADI!0O4)!and!compare!it!to!the!moderately!
damaged!group!(CADI!≥5)!with!p=0.014.!
!
2.3.4b!Three!month!serum!clusterin!does!not!significantly!correlate!to!change!in!
IFTA/CADI!
The!patient!cohort!is!analysed!for!serum!as!it!was!for!urine,!with!patients!who!
showed!no!change!in!their!IFTA/CADI!scores!or!an!improvement!in!their!IFTA/CADI!
scores!grouped!in!one!cohort!and!patients!with!worsening!scores!between!3!and!12!
months!grouped!in!a!second!cohort.!
!
Figure!2.15!Three!month!serum!clusterin!of!31!renal!transplant!patients!averaged!for!
the!change!in!IFTA!between!3!and!12!months.!
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Figure!2.16!Three!month!serum!clusterin!of!31!renal!transplant!patients!averaged!for!
the!change!in!CADI!between!3!and!12!months.!
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There!was!no!significant!difference!between!serum!clusterin!levels!in!those!patients!
with!stable!IFTA!(figure!2.15)!or!CADI!scores!(figure!2.16)!between!3!and!12!months!
and!those!worsening!IFTA!(p=0.62)!or!CADI!(p=031)!scores.!!
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2.3.4c!Three!month!serum!clusterin!does!not!significantly!correlate!to!change!in!
eGFR!
All!40!patients!had!available!serum!and!eGFR!values!for!analysis.!
Figure!2.17!Three!month!serum!clusterin!of!40!patients!averaged!for!the!change!in!
eGFR!between!3!and!12!months.!
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There!was!no!significant!difference!between!those!patients!with!a!stable!GFR!and!
those!with!a!declining!GFR!between!3!and!12!months!(p=0.22).!However,!there!was!a!
numerical!trend!to!higher!serum!clusterin!values!in!patients!who!had!a!declining!
eGFR!between!the!3!month!and!the!12!month!time!point!(figure!2.17).!Patients!with!
stable!graft!function!or!improved!function!trended!towards!lower!3!month!serum!
clusterin!values.
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2.4(Discussion8(
Importantly,!there!does!not!seem!to!be!any!bias!in!our!data!that!would!suggest!that!
DGF!or!early!episodes!of!acute!cellular!rejection!would!artificially!increase!the!3!
month!clusterin!concentration.!However!DGF!and!acute!cellular!rejection!have!been!
shown!to!increase!the!likelihood!of!histological!lesions!on!a!subsequent!protocol!
biopsy.1,19O22!The!weak!association!between!albumin:creatinine!ratios!and!clusterin!
ratios!also!strengthens!clusterin!as!a!marker!for!damage!as!its!presence!is!
independent!of!one!of!the!traditional!markers!of!a!failing!graft!and!shows!that!any!
increase!in!clusterin!cannot!be!explained!by!severe!glomerular!damage!and!
proteinuria.!Another!confounding!factor!that!may!decrease!the!power!of!clusterin!to!
predict!graft!damage!is!if!clusterin!reflects!graft!damage!at!the!time!of!injury,!
however!this!does!not!appear!to!be!the!case!as!3!month!clusterin!does!not!correlate!
well!with!histology!of!the!3!month!biopsy!(figure!2.6!and!2.7).!
!
Small!patient!numbers!in!a!single!center!cohort!limits!the!data!in!this!experiment.!
However,!while!not!statistically!significant,!the!direction!of!observed!associations!
was!consistent.!Therefore!it!is!possible!that!a!larger!cohort!of!patients!with!a!larger!
proportion!of!high!IFTA!or!CADI!scores!may!show!a!significant!association!with!
clusterin!concentration.!!While!both!urine!and!serum!clusterin!appear!to!be!higher!in!
all!cases!where!graft!function!or!histology!was!worse,!the!delta!histology!analyses,!
especially!in!serum!(figure!2.16)!showed!lower!clusterin!concentrations.!The!urine!
! 70!
data!of!the!delta!histology!analysis!shows!no!trend!in!either!direction!(figure!2.10!
and!2.11).!!
!
With!this!series!of!experiments!we!were!not!able!to!support!our!hypothesis!that!an!
increase!in!kidney!expression!of!clusterin!would!lead!to!an!increase!in!protein!
excretion!into!the!urine.!The!main!difference!between!the!GoCAR!data!and!the!data!
presented!here!is!the!patient!cohort.!The!GoCAR!data!was!based!on!large,!
multicenter!patient!recruitment,!with!more!robust!statistical!power.!The!lack!of!
numbers,!particularly!in!the!more!severe!CAD!groups!means!that!statistically!there!
remains!the!possibility!of!a!type!2!error.!
!
Other!reasons!why!this!data!may!not!support!the!gene!array!data!could!be!a!lack!of!
translation,!where!the!mRNA!is!not!translated!in!to!the!corresponding!protein.!There!
is!also!the!possibility!of!rapid!degradation!of!the!protein!post!translation.23!There!is!
also!a!possibility!that!the!translated!protein!does!exist,!but!does!not!come!out!into!
the!urine.!A!possible!way!to!test!this!hypothesis!is!to!do!immunohistochemical!or!
immunofluroscent!staining!of!the!clusterin!protein!in!the!graft,!or!to!measure!the!
protein!level!by!ELISA,!western!blot!or!RIA!of!the!same!biopsy!that!mRNA!was!
extracted!from.!
!
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Perhaps!not!surprisingly,!the!data!seems!to!consistently!differentiate!between!
moderately!damaged!kidneys!as!opposed!to!mildly!damaged!or!normal!kidneys!in!
most!analyses.!This!may!be!a!measurement!error!due!to!the!small!numbers!of!
patients!that!are!in!this!group,!or!it!could!hint!that!the!scoring!system!between!a!
normal!kidney!and!a!mildly!damaged!kidney!is!not!very!sensitive!and!remains!
subjective!and!susceptible!to!intraobserver!differences.!This!was!also!noted!in!
another!paper!describing!urine!protein!excretion!of!endostatin,!PEDF!and!KLFO2!in!
varying!degrees!of!CAD,!where!the!statistically!significant!results!weren’t!found!
between!CADO0!and!CADO1,!but!between!higher!fibrosis!grades;!CADO0!vs!CADO2!and!
CADO0!and!CADO3.24!
!
The!published!data!surrounding!urinary!clusterin!as!a!marker!of!renal!damage!is!
limited!and!controversial.!In!humans,!urine!clusterin!has!been!measured!in!patients!
with!diabetic!nephropathy,!however!there!were!no!significant!differences!between!
those!with!or!without!kidney!damage11,25!and!the!clusterin!excretion!was!positively!
correlated!with!total!urine!protein!excretion.11!In!a!separate!study!looking!at!patients!
with!focal!segmental!glomerulosclerosis,!membranous!nephropathy!and!nephritic!
syndrome,!urine!clusterin!was!inversely!correlated!to!proteinuria!and!higher!in!
normal!healthy!controls!than!in!any!disease!state!group.10!In!our!kidney!transplant!
cohort,!there!were!no!significant!differences!between!those!without!and!kidney!
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damage,!however!clusterin!excretion!was!not!found!to!be!correlated,!either!
positively!or!negatively,!with!total!proteinuria.!
!
While!alone!it!seems!that!clusterin!will!not!be!able!to!predict!the!progression!of!
chronic!damage!in!kidney!recipients,!due!to!the!multifactorial!nature!of!the!
damage1,26!and!the!dynamic!nature!of!urine27,!it!remains!possible!that!it!may!be!
useful!as!part!of!a!panel!of!urine!biomarkers.!A!similar!finding!was!reported!in!
diabetic!nephropathy,!where!clusterin!alone!could!not!differentiate!between!the!
stages!of!damage,!however!the!addition!of!uromodulin,!progranulin!and!alphaO1Oacid!
glycoprotein!increased!the!area!under!the!curve!to!predict!early!renal!damage.25!The!
search!for!other!biomarkers!that!may!join!clusterin!in!a!specific!panel!of!proposed!
urine!biomarkers!for!kidney!transplant!recipients!may!indeed!come!from!hypothesis!
generating!microarray!data!such!as!in!this!experiment,!or!perhaps!from!discovery!
proteomics!techniques!that!utilizes!a!kidney!transplant!population,!an!approach!
discussed!in!chapter!3.!
!
!
!
!
!
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2.5(Conclusions8(
This!study!has!shown!that!urine!clusterin!levels!at!three!months!do!not!predict!the!
development!of!chronic!damage!at!12!months.!This!experimental!approach!is!a!step!
towards!nonOinvasive!screening!and!personalized!medicine.!Our!experiment!has!
shown!that!despite!a!strong!correlation!between!clusterin!mRNA!and!the!
development!of!IFTA!at!12!months,!corresponding!urine!excretion!of!the!clusterin!
protein!could!not!corroborate!this.!
! !
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Chapter(3(
(
Discovery(Proteomics(
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3.1(Background;(
Outcomes!of!kidney!transplanted!patients!at!12!months!are!good,!with!over!95%!
graft!survival!for!a!live!donor!transplant!and!93%!graft!survival!for!a!deceased!donor!
transplant!in!Australia!in!2011.1!!However,!success!rates!fall!to!about!70%!by!the!time!
the!graft!is!5!years!old,!and!continue!to!fall!10!and!15!years!from!transplant.!The!vast!
majority,!almost!80%!in!fact,!of!death!censored!graft!loss!is!due!to!CAD.1!
Development!of!an!early,!predictive,!diagnostic!test!would!be!clinically!advantageous!
and!allow!for!personalised!medicine,!more!rigorous!follow!up!and!medical!
intervention.!While!serial!protocol!biopsy!is!able!to!provide!this!insight!currently,!
urine!would!allow!for!this!screening!to!be!done!more!frequently!and!less!invasively.!
(
Although!kidney!biopsy!is!deemed!a!safe!and!economically!viable!gold!standard!for!
the!diagnosis!of!chronic!allograft!damage!(CAD)2,!there!is!an!increasing!need!for!
more!sensitive,!predictive!and!nonNinvasive!markers.3!While!genome!wide!
microarrays!have!the!power!for!large!data!mining!and!can!be!helpful!in!the!
pathogenesis!of!CAD4,5,!a!protein!marker!is!more!desirable!as!a!biomarker!due!to!
their!stability!and!close!reflection!of!the!processes!occurring!in!the!kidney!
compartments.6!Current!nonNinvasive!markers!of!chronic!damage!include!eGFR!and!
serum!creatinine,!however!there!can!be!a!large!variability!in!day!to!day!
measurements!and!these!usually!arise!late!in!the!course!of!the!disease!and!
underestimate!the!severity!of!the!pathologic!change.!!
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Gel!based!proteomics!has!been!the!backbone!of!protein!experiments!since!the!
1970’s!due!to!their!wide!availability,!coverage!of!the!proteome!in!samples!and!
because!they!are!relatively!inexpensive.7!More!recently,!the!inclusion!of!fluorescent!
dyes!has!enabled!better!interN!and!intraNgel!comparison!to!be!able!to!compare!
different!proteomes!in!groups!of!interest.8N10!While!this!technology!has!been!applied!
to!the!urine!proteins!of!kidney!disease!previously,!focus!has!been!to!detect!acute!
kidney!injury11,12,!diabetic!nephropathy13,14,!or!chronic!rejection!at!time!of!injury15,!
not!predating!it.!Identification!of!biomarkers!using!other!proteomic!techniques!have!
also!been!limited!in!this!field!or!predicting!chronic!damage,!with!only!1!other!paper!
utilising!SELDINTOF.16!
!
The!hypotheses!for!this!chapter!were!that!the!urine!proteome!of!a!kidney!would!be!
able!to!predict!the!development!of!chronic!damage!and!reflect!the!early!
immunological!changes!occurring!in!that!kidney.!We!also!hypothesized!that!the!
proteins!excreted!at!time!of!damage!would!be!different!to!those!that!predict!chronic!
damage.!The!aim!of!this!experiment!was!to!use!2!dimensionalNdifferential!in!gel!
electrophoresis!(2DNDIGE)!coupled!to!tandem!mass!spectrometry!on!3!and!12!month!
urines!of!kidney!transplant!recipients!in!the!search!for!biomarkers!of!chronic!
allograft!damage.!
!
!
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3.2(Methods;(
Twelve!patients!were!chosen!from!the!available!GoCAR!pool!described!in!chapter!2,!
using!a!caseNcontrol!study!method.!These!patients!were!selected!as!having!relatively!
nonNpathologic!3!month!protocol!renal!biopsies.!Patients!were!required!to!have!
>15mL!of!3!month!urine!stored,!a!12!protocol!biopsy,!and!were!purposely!chosen!to!
reflect!the!larger!cohort!by!partially!matching!for!confounders!such!as!gender!and!
type!of!transplant.!8!of!the!12!patients!had!sufficient!12Nmonth!urine!to!also!run!
follow!up!2DNDIGE!experiments.!Of!the!remaining!4!patients!that!could!not!be!
analysed!at!the!later!timepoint,!1!patient!was!deceased,!and!3!other!urine!samples!
did!not!yield!enough!protein!for!2DNDIGE!analysis.!Correlations!were!made!between!
2DNDIGE!performed!on!3!and!12!month!urines!and!chronic!damage!groups!at!12!
months.!An!example!of!the!study!design!for!correlation!between!3!month!urine!and!
12!month!IFTA!chronic!damage!groups!is!outlined!in!figure!3.1.!
!
Details!of!the!gel!optimization!process!are!outlined!in!appendix!3.!
!
!
!
!
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Figure!3.1!Study!design!of!3!month!2DNDIGE!correlated!to!12!month!IFTA!chronic!
damage!groups.!
!
!
!
!
!
!
!
!
!
!
Histopathology!scoring!
One!to!two!biopsy!cores!were!taken!from!the!transplanted!kidneys!upper!pole!under!
local!anaesthetic!and!ultrasound!guidance!using!sterile!conditions!at!3!and!12!
months!post!transplant.!18!gauge!needle!core!biopsies!were!stored!in!Eagles!
medium!before!being!blocked,!cut!and!stained!by!ICPMR,!Westmead!Hospital.!Slides!
were!stained!with!Haematoxylin!and!Eosin!(H&E),!Periodic!Acid!Schiff!reagent!(PAS)!
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and!a!trichrome!stain.!Additional!special!stains!may!also!have!be!done,!such!as!C4d!
for!the!diagnosis!of!antibody!mediated!rejection!or!SV40!stain!for!the!diagnosis!of!BK!
virus.!!
!
The!slides!from!above!were!scanned!into!data!files!by!the!Aperio!Scanscope!slide!
scanner!and!sent!to!a!central!pathology!core!at!the!Massachusetts!General!Hospital,!
Boston,!USA.!Slides!were!blinded!and!analysed!by!a!single!trained!pathologist!under!
the!Banff!’05!schema17!and!additionally!scored!for!CADI.!!
!
Sample!preperation!
Urines!for!2DNDIGE!analysis!were!concentrated!using!Millipore!centrifugal!units!with!
a!3kDA!cut!off.!16mL!of!urine!was!concentrated!to!approximately!100N200uL!and!
then!cleaned!up!using!a!2D!clean!up!kit!(GE!Healthcare!Australia,!NSW,!AU).!Urine!
protein!was!precipitated!to!form!a!pellet,!before!washing!with!acetone!and!
resuspension!in!buffer!formulated!for!use!in!Cy!Dye!labelling!and!isoelectric!focusing!
(7M!urea,!2M!thiourea,!30mM!tris,!4%!CHAPS).!
!
A!quantitation!assay!was!done!immediately!prior!to!fluorescent!labelling!using!a!2D!
quant!kit!(GE!Healthcare).!Briefly,!protein!was!precipitated,!washed,!and!the!ability!
! 83!
to!bind!copper!used!to!estimate!protein!concentration.!Samples!were!compared!to!a!
BSA!standard!curve.!!
!
Cy!Dye!Labelling!
Powdered!forms!of!Cy!Dyes!(Lumiprobe!corporation,!FL,!USA)!were!reconstituted!
with!the!supplied!DMF.!With!all!procedures!performed!in!the!dark,!urine!proteins!
were!labelled!with!Cy!3!or!Cy!5!in!high!tris!concentrated!buffer,!while!equal!amounts!
of!each!sample!used!in!the!experiment!were!labelled!with!Cy!2!as!an!internal!
standard!and!used!for!all!gels.!!After!30!minutes!of!incubation,!labelling!was!stopped!
by!the!addition!of!10mM!lysine.!Samples!were!incubated!on!ice!and!then!diluted!to!
lower!the!concentration!of!tris.!All!samples!were!then!reduced!and!alkylated!by!the!
addition!of!2M!DTT!and!4M!acrylamide!respectively.!Trace!amounts!of!bromophenol!
blue!and!IPG!buffer!was!added!before!centrifugation!to!get!rid!of!any!debris!that!
would!inhibit!strip!rehydration.!
!
1st!dimensionN!Isoelectric!focusing!
50ug!of!total!protein!from!each!sample!and!standard!was!placed!under!a!pH!4N7!
18cm!long!isoelectric!focusing!strip!and!mineral!oil!layered!carefully!over!the!top!of!
the!strip.!The!strips!were!covered!with!a!lid!to!prevent!any!dust!settling!on!top!of!
them!and!left!overnight!to!passively!rehydrate!at!room!temperature.!
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The!next!day,!strips!were!isoelectric!focused!covered!in!mineral!oil,!using!the!Ettan!
IGPhor!II!(see!figure!3.2)!apparatus!under!the!following!conditions:!
Rapid!ramp!to!400V!for!2!minutes!
Hold!at!400V!for!4!hours!
Rapid!ramp!to!8000V!for!2!hours!
Hold!at!8000V!until!total!voltage!time!exceeds!60000!volt!hours!total!
Strips!were!frozen!at!N20⁰C!overnight,!protected!from!light.!
!
!
Figure!3.2!1st!dimension!isoelectric!focusing!on!Ettan!IPGhor!II!apparatus.!
!
!
!
!
!
!
!
!
!
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2nd!dimensionN!molecular!weight!
The!next!day!the!strips!were!defrosted!to!room!temperature!and!equilibrated!with!
50mM!DTT!and!100mM!iodoacetamide!for!15!minutes!each!before!being!placed!
onto!a!20cm!gel!and!sealed!with!agarose!containing!trace!bromophenol!blue.!Large!
20cm!gels!(Precast!Gels,!Jule,!Inc.!CT,!USA)!were!snapped!into!the!tank!apparatus!as!
shown!in!figure!3.3!and!the!tank!filled!with!1x!running!buffer.!The!gels!were!run!at!
10⁰C!at!16mA,!20mA!and!24mA!per!gel!for!1.15,!1.30!and!approximately!4!hours!until!
the!blue!dye!front!reached!the!bottom!of!the!glass!(total!of!~8!hours).!!
Figure!3.3!2nd!dimension!gel!set!up!using!20cm!gradient!gels.!
!
!
!
!
!
!
The!gels!were!kept!in!a!cold!room!overnight,!protected!from!light,!then!the!glass!
plates!washed!with!milliQ!filtered!water,!70%!ethanol!and!hydrogen!peroxide!before!
being!scanned!with!a!Typhoon!scanner!at!the!appropriate!excitation!wavelengths;!Cy!
2!at!~580V,!Cy!3!at!~520V!and!Cy!5!at!~460V.!The!gel!images!were!merged,!cropped!
and!analysed!with!DeCyder!software!(GE!Healthcare,!version!6.5).!
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DeCyder!analysis!
Images!were!uploaded!onto!the!software!and!undergo!spot!analysis!using!the!
Differential!InNgel!analysis!(DIA)!module!and!spot!matching!in!the!Biological!
Variances!Analysis!(BVA)!module.!Protein!statistics!were!performed!using!the!
software’s!algorithm.!All!gels!were!compared!to!the!assigned!“Master!gel”!image,!
which!was!defaulted!to!the!gel!that!shows!the!most!spots.!The!internal!standard,!
labelled!in!Cy!2!in!all!gels,!served!as!the!reference!for!all!gels!and!allowed!
comparisons!to!be!made!across!all!images.!An!example!of!the!DeCyder!analysis!
workspace!is!provided!in!figure!3.4!below.!
Figure!3.4!An!example!of!the!DeCyder!workspace!for!the!biological!variances!analysis!
module!comparing!2!groups!of!patients.!
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Chronic!damage!groups!
The!cohort!of!patients!was!divided!into!numerous!12!month!chronic!damage!groups!
for!DeCyder!analysis!to!strengthen!the!study.!For!eGFR,!a!delta!score!was!obtained!
by!subtracting!the!3!month!eGFR!from!the!12!month!eGFR.!Patients!with!a!negative!
delta!eGFR!were!classified!as!“patient!worsened”!while!a!neutral!or!positive!eGFR!
was!classified!as!“patient!stable!or!improved”.!Banff!histopathology!scores!were!
obtained!by!adding!the!Banff!“ci”!and!“ct”!scores!together,!and!grouping!as!either!
low!(0),!medium!(1N2)!or!high!(≥3)!and!analysed!as!an!ANOVA,!or!absent!(IFTA!0)!vs!
present!(IFTA≥1)!and!analysed!as!a!student’s!tNtest.!CADI!scores!were!grouped!either!
as!low!(0N1),!medium!(2N3)!or!high!(≥4)!and!analysed!as!an!ANOVA!or!low!(0N2)!vs!
high!(≥3)!and!analysed!by!student’s!tNtest.!The!spots!of!interest!were!defined!as!
showing!significant!differential!abundance!(p<0.05)!between!2!or!more!groups,!
having!a!fold!change!>1!and!being!able!to!be!accurately!mapped!with!the!human!eye!
on!the!colloidal!coomassie!gel!to!be!excised.!
!
Gel!staining!
Gels!were!pulled!apart!from!the!glass!plates!and!fixed!in!10%!methanol!and!7%!acetic!
acid!for!1!hour!on!an!orbital!rocker.!Colloidal!coomassie!stock!solution!was!made!
from!0.5g!of!powdered!dye,!dissolved!in!50g!ammonium!sulphate!and!6mL!of!85%!
phosphoric!acid.!Working!solution!was!made!with!80%!stock!solution!and!20%!
methanol,!and!gels!submerged!and!left!to!stain!overnight!on!the!orbital!shaker.!The!
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next!day,!gels!were!washed!with!tap!water!and!1%!acetic!acid!until!there!is!little!
residual!stain!left.!
!
Colloidal!gel!scanning!
Gels!were!scanned!with!an!Odyssey!infrared!scanner!at!700V!for!colloidal!coomassie!
visualisation.!
(
Tandem!mass!spectrometry!
Gel!spot!picking!
Spots!of!interest!were!excised!manually!from!the!gel!using!21!gauge!sterile!needles!
with!the!aid!of!a!light!box.!Gel!pieces!were!cut!into!1mmx1mm!cubes,!placed!in!
0.5mL!protein!LoBind!tubes!(Eppendorf,!South!Pacific!Pty.!Ltd,!NSW,!AU)!and!stored!
at!N20⁰C!covered!in!wash!solution!(50%!v/v!acetonitrile,!25mM!NH4HCO3,!pH!7.8).!!
!
Gel!destaining!
Excess!liquid!from!the!gel!pieces!was!removed!by!pipette!and!fresh!wash!solution!
added!to!cover!the!gel!cubes.!Tubes!were!incubated!at!room!temperature!until!the!
solution!turned!blue,!then!the!wash!steps!repeated!until!the!gel!pieces!leached!no!
more!colour.!100%!acetonitrile!was!added!to!the!tubes!to!cover!the!gel!pieces,!which!
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dehydrateed!the!gels.!Excess!was!removed,!and!then!the!dehydration!was!repeated.!
Excess!acetonitrile!was!removed,!leaving!small!white!cubes!remaining.!
!
In!gel!digestion!
Sequencing!grade!trypsin!(15ng/uL)!was!added!to!the!gel!samples!and!the!tubes!
were!centrifuged!to!ensure!all!pieces!and!trypsin!was!collected!on!the!bottom!of!the!
tubes.!The!gel!pieces!were!left!to!swell!on!ice!for!an!hour.!Excess!trypsin!was!
removed!and!the!gel!pieces!were!covered!in!25mM!NH4HCO3!and!incubated!in!a!37⁰C!
water!bath!overnight.!The!following!morning,!all!liquid!was!centrifuged!to!the!
bottom!of!the!tube.!
!
Protein!extraction!and!recovery!
Samples!were!placed!in!a!water!bath!sonicator!for!15!minutes,!which!allowed!the!
proteins!to!come!out!into!solution.!The!solution!was!placed!into!a!separately!labelled!
protein!LoBind!tube.!Extract!solution!(10%!v/v!acetonitrile,!0.5%!v/v!TFA)!was!placed!
onto!the!original!gel!pieces!and!sonicated!as!before.!Solution!was!pooled!with!the!
original!sample.!The!samples!were!speedivaced!until!dry,!and!resuspended!in!
minimal!amounts!of!0.5%!v/v!TFA,!ready!for!mass!spectrometry!analysis.!
!
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Plate!spotting!
The!MALDI!matrix!was!a!recrystallised!form!of!αNcyanoN4Nhydroxycinnamic!acid!made!
up!fresh!on!the!day!of!analysis!at!a!concentration!of!5mg/mL!with!70%!v/v!
acetonitrile!and!0.5%!TFA.!0.5uL!of!sample!was!mixed!with!0.5uL!of!matrix!and!
spotted!onto!the!MALDI!plate.!Calibrant!mix,!consisting!of!DesNArg!bradykinin,!
angiotension!1,!neurotensin!and!ACTH!was!also!spotted!onto!the!plate!mixed!with!
matrix.!The!matrix!assists!in!the!ionisation!of!the!analyte!while!protecting!the!protein!
by!adsorbing!most!of!the!energy!emitted!from!the!laser.!
!
Data!acquisition!
The!MALDI!TOF/TOF!software,!as!shown!in!figure!3.5!below,!produced!data!
acquisition!using!a!defined!acquisition!method,!processing!method!and!
interpretation!method!for!both!TOF!data!and!TOF/TOF!data.!The!laser!was!left!for!
20N30!minutes!to!allow!the!voltages!to!stabilize!and!the!laser!to!warm!up.!Calibration!
spots!were!used!to!ensure!the!laser!intensity!and!light!intensity!settings!were!
optimized!for!resolution!and!relative!intensity!of!the!calibrant!peaks!of!both!the!MS!
and!the!MS/MS!mode.!After!calibration,!data!on!samples!was!completed!
automatically,!with!MS/MS!performed!on!the!top!10!peaks!of!each!sample.!
!
!
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Figure!3.5!TOF/TOF!series!explorer!software!interface!
!
!
Data!analysis!
All!MS!and!MS/MS!data!was!imported!into!Protein!Pilot!and!searched!for!protein!
peak!matches!in!the!NCBInr!human!database.!Data!was!corrected!for!semitrypsin,!
oxidation,!deamination!and!alkylation!modifications.!Protein!scores!were!deemed!
significant!at!the!5%!significance!level!if!they!are!>56,!with!a!low!expect!score.!
Examples!of!the!peak!patterns!typically!observed!in!Protein!Pilot!are!shown!below!in!
figure!3.6.!
! 92!
Figure!3.6!Protein!pilot!output!for!4!tandem!mass!spectrometry!protein!
identifications,!showing!high!resolution.!!
!
Protein!analysis!
Proteins!identified!by!tandem!mass!spectrometry!were!entered!into!an!online!
protein!knowledge!database!(www.uniprot.org)!to!obtain!functional!descriptions!and!
sequence!information.18!Proteins!were!also!entered!in!the!Broad!Institute’s!
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Genotype!Tissue!Expression!Portal!(GTex)!(http://www.broadinstitute.org/gtex/)!to!
establish!normal!gene!expression!levels!in!the!kidney!cortex!of!the!excreted!proteins.!
!!
Network!analysis!
Identified!proteins!were!entered!into!the!functional!protein!association!network!
program!STRING!(Search!Tool!for!the!Retrieval!of!Interacting!Genes/Proteins),!
version!9.1!(http://stringNdb.org/)!under!the!“multiple!names”!input!tab!to!identify!
predicted!and!expected!protein!interactions.!Under!the!advanced!settings!options,!
the!top!GO!and!KEGG!biological!pathways!were!viewed!in!relation!to!the!network!
that!STRING!computes.!Significant!pathways!or!biological!processes!are!generated!
based!on!how!many!of!the!proteins!in!the!network!are!likely!to!be!involved!in!one!
process.!
!
!
!
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3.3(Results;((
3.3.1!Patient!demographics!
At!3!months!post!transplant,!the!average!eGFR!for!the!12!patient!cohort!was!
56.25mL/min/1.73m2!and!at!12!months!post!transplant!was!53.25!mL/min/1.73m2.!
Overall,!as!estimated!by!albumin:creatinine!ratios,!the!cohort!had!more!proteinuria!
at!3!months!post!transplant!compared!to!12!months!post!transplant!
(25.7±3.3mg:mmol!vs!12.7±1.2mg:mmol!respectively)!but!a!paired!students!tNtest!
was!not!statistically!significant!(p=0.14).!!The!cohort!had!low!acute!scores!(combined!
i!+!t!Banff!scores)!at!both!3!and!12!months,!with!no!significant!difference!between!
the!2!timepoints!(p=0.15).!Of!the!12!patient!cohort,!1!patient!experienced!an!early!
acute!rejection!episode!at!day!5!post!transplant,!and!2!patients!had!a!history!of!
delayed!graft!function.!!The!transplant!characteristics!of!the!whole!cohort!are!
outlined!in!table!3.1!below.!
!
Table!3.1!Transplant!characteristics!of!the!cohort!of!patients!used!for!2DNDIGE!!
Transplant(characteristic( n=12!
Male:female!(%male)! 6:6!(50%)!
Average!age!at!transplant! 44!years!
%!Caucasian! 92%!
Type!of!Transplant!!
Cad:SPK:live!(%!live!donor!transplants)!
6:3:3!(25%!live!donor!transplants)!
Induction!immunosuppression! Basiliximab,!tacrolimus,!MMF!and!prednisolone!
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At!12!months!post!transplant,!the!group!was!split!into!groups!based!on!degree!of!
chronic!damage.!While!there!were!more!patients!with!delayed!graft!function!in!the!
group!that!developed!IFTA,!there!were!no!significant!differences!in!the!chronic!
damage!groups!when!the!3!month!urines!were!collected!in!relation!to!proteinuria,!
eGFR,!acute!damage!scores!(combined!i!+!t!Banff!scores)!or!chronic!damage!scores!
(combined!ci!+!ct!Banff!scores)!or!immunosuppression!regime.!
!
Table!3.2!Clinical!characteristics!of!the!chronic!damage!groups!at!3!months!post!
transplant!for!12!kidney!transplant!patients!used!in!2DNDIGE!analysis.!Values!are!
averages!±!standard!error.!
! IFTA(low((n=5)! IFTA(high((n=7)( pNvalue!
Delayed!graft!function! 0/5!patients! 2/7!patients! !
Acute!rejection! N! 1!episode!at!day!5! !
3!month!eGFR!(mL/min/1.73m
2
)! 67! 49! 0.24!
3!month!proteinuria!(mg/mmol)! 26.5! 25.1! 0.96!
3!month!acute!scores!(Banff!i+t)! 0.2! 0.4! 0.15!
3!month!chronic!scores! 0! 1.1! 0.10!
3!month!immunosuppression! Tacrolimus,!MMF!and!prednisolone! !
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3.3.2!Proteins!excreted!that!are!predictive!of!chronic!graft!damage!
DeCyder!analysis!at!3!months:!The!master!gel!(figure!3.7)!had!a!total!of!1198!spots,!
of!which!439!were!present!in!all!18!samples!(12!patient!samples!plus!6!standards),!
726!were!in!15/18!samples!and!934!were!in!12/18!samples.!The!green!signature!of!
each!of!the!spots!in!the!master!gel!outlined!the!boundary!of!each!spot.!
!
Figure!3.7!Master!gel!image!of!the!12!patients!used!for!3!month!DeCyder!analysis!
revealing!1198!spots.!
!
!
!
!
!
!
!
!
!
!
!
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Of!the!spots!in!the!2DNDIGE,!52!spots!were!deemed!significantly!different!between!
IFTA!groups,!where!21!were!increased!and!31!were!decreased!in!high!IFTA!kidneys.!
In!a!CADI!analysis,!39!spots!were!significantly!different!amongst!groups!comprising!of!
17!spots!being!increased!and!22!spots!being!decreased!in!kidneys!with!high!CADI.!In!
the!change!in!eGFR!analysis,!27!spots!were!significantly!different!between!the!
groups,!which!included!15!spots!of!increased!concentration!in!kidneys!that!declined!
in!function,!verses!12!spots!that!decreased!in!concentration.!Spots!that!could!be!
visualized!by!colloidal!coomassie!were!manually!excised!(figure!3.8)!and!identified!by!
tandem!mass!spectrometry!(figure!3.9).!!
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Figure!3.8!DeCyder!analysis!gel!showing!significantly!different!spots!in!a!predictive!
chronic!damage!analysis!that!were!manually!excised!for!tandem!mass!spectrometry!
identification.!
!
!
!
!
!
!
!
!
!
!
!
!
!
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Figure!3.9!Colloidal!coomassie!stained!gel!showing!identification!of!spots!after!
MS/MS!analysis.!
!
!
!
!
!
!
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!
2DNDIGE!coupled!to!tandem!mass!spectrometry!was!able!to!identify!11!proteins!at!3!
months!that!were!predictive!of!chronic!damage!(protocol!biopsy!banff/CADI!scores!
or!delta!eGFR)!in!the!subsequent!12!month!timepoint.!These!proteins!are!
summarized!in!table!3.3.!
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Table!3.3!Summary!of!identified!proteins!from!3!month!urine!analysis!of!12!month!
chronic!damage!scores!from!12!patients.!
!
Spot(
ID( Protein(name(
Protein(
accession(
Protein(
score((
Fold(
change( p;value( Implicated(in(
268! AlphaN1BNglycoprotein!
gi|!69990! 98! 4! 0.012!
Increased!in!patients!with!a!
declining!eGFR!from!3N12!
months!!
356! Kininogen!1!variant!
gi|!62898910! 276! N1.77! 0.0055! Decreased!in!high!grade!IFTA!
398! Alpha2NHS!
glycoprotein!
gi|!2521983! 66! N1.37! 0.01! Increased!in!high!CADI!
478! Gelsolin! gi|!28373309! 114! N1.64! 0.032! Decreased!in!high!grade!CADI!
621!
InterNalpha!
(globulin)!
inhibitor!H4!
gi|!
119585668! 728! N3.18! 0.029! Decreased!in!high!grade!IFTA!!
631!
Protein!alpha!1N
microglobulinN
bikunin!(AMBP)!
gi|4502067!
86! N2.41! 0.029! Decreased!in!patients!with!
high!grade!IFTA!684! 206! N11.81! 0.042!
643! 414! N1.79! 0.0058!
Decreased!in!patients!with!a!
declining!eGFR!between!3N12!
months!
541! ZincNalphaN2Nglycoprotein!
gi|220151! 288! N1.7! 0.0018! Decreased!in!high!grade!CADI!
890!
MannoseNbinding!
proteinN
associated!serine!
protease!2!
(MASPN2)!
gi|!5459324!
! 440! N4.16! 0.018!
Decreased!in!patients!with!
high!grade!CADI!
927! Ganglioside!GM2!activator!
gi|!50513311! 207! N2.97! 0.039! Decreased!in!patients!with!high!grade!IFTA!
1064!
SH3!domain!
binding!glutamic!
acidNrichNlike!
protein!3!
gi|!13775198! 300! N1.53! 0.0044! Decreased!in!patients!with!IFTA!
1027! CystatinNM!! gi|!4503113! 140! 1.17! 0.047! Increased!in!patients!with!high!grade!CADI!
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When!all!11!identified!proteins!were!entered!into!a!network!analysis!program,!these!
proteins!were!significantly!associated!with!GO!biological!functions!such!as!response!to!
stress,!wound!healing!and!tissue!regeneration!and!are!summarised!in!table!3.4.!The!top!
KEGG!pathway!that!was!identified!by!this!network!was!complement!and!coagulation!
cascades,!with!a!pNvalue!of!8.44eN13.!The!STRING!network!that!was!built!is!shown!below!in!
figure!3.10.!The!thicker!the!blue!line!between!2!proteins!indicates!how!confident!the!
interaction!is.!
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!
Figure!3.10!STRING!network!output!of!proteins!implicated!in!3!month!urines!that!are!
predictive!of!subsequent!chronic!damage.!
!
!
!
!
!
!
!
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!
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Table!3.4!Top!gene!ontology!biological!processes!for!the!3!month!STRING!network!of!
identified!proteins!by!2DNDIGE.!
!
GO!biological!process! PNvalue! Protein!hits!
Regulation!of!response!to!stress! 0.0000027! 12!
Acute!inflammatory!response! 0.0000029! 6!
Regulation!of!wound!healing! 0.000082! 6!
Tissue!regeneration! 0.00059! 4!
!
!
3.3.3!Proteins!excreted!at!time!of!chronic!graft!damage!
The!12!month!urine!master!gel!(figure!3.11)!had!a!total!of!2393!spots,!with!703!spots!
evident!in!all!12!gels!(8!patient!samples!and!4!standards).!There!were!1455!spots!
found!in!9!out!of!the!12!samples!and!2033!were!in!6!of!the!12!samples.!When!
analysed!using!the!same!chronic!damage!groups!as!the!3!month!urines,!63!protein!
spots!were!differentially!excreted!into!the!urine!of!patients!with!or!without!
concurrent!IFTA!on!protocol!biopsy,!consisting!of!31!spots!that!were!increased!and!
32!that!were!decreased!in!high!IFTA!or!CADI!kidneys.!Using!a!tNtest!for!CADI!scored!as!
low!or!high!and!an!ANOVA!for!CADI!grouped!as!low,!medium!or!high,!there!were!69!
and!55!differentially!excreted!proteins!respectively.!In!a!change!in!eGFR!analysis,!
where!3!month!eGFR!was!subtracted!from!12!month!eGFR!values,!the!2DNDIGE!
experiment!revealed!a!group!of!33!significantly!differentially!excreted!protein!spots.!
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Spots!that!could!be!visualized!by!colloidal!coomassie!were!manually!excised!(figure!
3.12)!and!identified!by!tandem!mass!spectrometry!(figure!3.13).!The!19!excised!spots!
lead!to!the!identification!of!11!proteins,!outlined!in!table!3.5.!!
!
!
Figure!3.11!Master!gel!image!of!12!month!urine!protein!of!8!kidney!transplant!
recipients.!
! !
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Figure!3.12!DeCyder!analysis!image!of!differentially!concentrated!spots!in!the!12!
month!analysis!of!chronic!damage!scores!in!8!patient!samples.!
!
!
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Figure!3.13!Tandem!mass!spectrometry!identifications!of!the!spots!excised!in!figure!
11!that!were!implicated!in!a!12!month!urine!analysis!of!chronic!damage.!
!
!
! !
!108!
Table!3.5!Summary!table!of!identified!proteins!in!12!month!urine!2DNDIGE!analysis!of!
12!month!chronic!damage!in!8!patients.!! !
Spot(
ID(
Protein(Name( Protein(
accession(
Protein(
Score(
Fold(
Change(
p;value( Implicated(in(
340! AlphaN1BNglycoprotein! gi!69990! 381! 2.07! 0.032!
increased!in!patients!with!high!
CADI!
753!
Monocyte!
differentiation!
antigen!CD14!
gi!323145557! 101! 1.6! 0.0027!
increased!in!patients!with!high!
CADI!
773! Alpha2NHS!glycoprotein! gi!2521983! 337! 5.12! 0.018!
increased!in!patients!with!high!
CADI!
989!
ZincNalphaN2N
glycoprotein! gi!220151!
471! 2.05! 0.049! increased!in!patients!with!a!
declining!eGFR!991! 146! 1.84! 0.000057!
1048! 754! 2.34! 0.017!
1052! 816! 1.66! 0.33! increased!in!patients!with!any!IFTA!
1154!
Vesicular!
integralN
membrane!
protein!VIP36!
gi!62896777! 316!
3.32! 0.0041! increased!in!patients!with!any!IFTA!
2.97! 0.22! increased!in!patients!with!medium!and!high!grade!CADI!
1273!
ReceptorN
interacting!
serineN
threonine!
kinase!4!
gi!10719883! 59! 3.11! 0.029! increased!in!patients!with!any!IFTA!
1331!
Protein!alpha!1N
microglobulinN
bikunin!(AMBP)!
gi!4502067!
185! 1.71! 0.03!
increased!in!patients!with!any!
IFTA!1482! 449! 1.88! 0.013!
1492! 159! 2.29! 0.033!
1397! 338! 4.94! 0.041! increased!in!patients!with!a!declining!eGFR!
1457! 159! 2.7! 0.0079! increased!in!patients!with!
medium!or!high!grade!CADI!1503! 159! 2.55! 0.014!
1568! ProstaglandinNH2!DNisomerase!! gi!32171249! 435! N1.46! 0.043!
Decreased!in!patients!with!any!
IFTA!
1766! RetinolNbinding!protein!4!! gi!55743122! 163! 5.96! 0.026!
increased!in!medium!and!high!
CADI!and!a!patient!with!any!IFTA!
1826!
Secreted!and!
transmembrane!
protein!1!!
gi!4506869! 59! 3.25! 0.014! increased!in!patients!with!a!declining!eGFR!
2304! β2Nmicroglobulin! gi!34616! 148! 7.73! 0.018!
increased!in!medium!and!high!
CADI!and!a!patient!with!any!IFTA!
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The!STRING!network!created!from!the!11!identified!12!month!urine!proteins!is!
outlined!below!in!figure!3.14.!It!has!the!top!KEGG!pathway!of!antigen!processing!and!
presentation!with!pNvalue!of!1.71eN5.!The!top!GO!Biological!processes!implicated!in!
the!12!month!urine!are!summarised!in!table!3.6.!
!
!
Figure!3.14!STRING!network!analysis!of!12!month!identified!proteins!implicated!in!a!
12!month!urine!analysis!of!12!month!chronic!damage!scores.!
!
!
!
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!
Table!3.6!Top!gene!ontology!biological!processes!of!the!12!month!STRING!network!of!
identified!proteins!by!2DNDIGE.!
!
GO!biological!process! PNvalue! Protein!hits!
Regulation!of!the!immune!response! 0.00000049! 12!
Antigen!presentation!and!processing! 0.00000075! 5!
Regulation!of!immune!system!process! 0.0000023! 13!
!
!
!
3.3.4!GTex!analysis!
Linking!the!proteome!back!to!the!genome,!the!normal!gene!expression!of!the!kidney!
can!be!viewed!using!GTex.!With!the!increased!or!decreased!protein!concentration!in!
the!damaged!kidney!being!detected!by!2DNDIGE,!the!inverse!relationship!would!be!
expected!in!the!normal!kidney!cortex.!For!example,!kininogen!1!variant!was!a!protein!
identified!as!being!decreased!in!chronically!damaged!kidneys!in!this!experiment,!so!
when!normal!kidney!expression!of!the!kininogen!gene!is!searched!for!in!GTex,!high!
expression!supports!this!(see!figure!3.15).!The!arrow!is!showing!normal!kidney!cortex!
expression.!GTex!graphs!of!all!proteins!identified!in!this!thesis!can!be!found!in!
appendix!3.!
!
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Figure!3.15!GTex!graph!showing!normal!RNA!expression!of!kininogen!1!variant!in!
various!human!tissues.!!
!
!
!
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3.4(Discussion;(
Given!the!timeline!of!the!experiment,!it!was!not!unexpected!to!see!more!total!
protein!spots!in!the!12!month!urine!compared!to!the!3!month!urine!of!the!same!
patient!cohort!(2393!vs!1198!respectively),!as!it!is!not!uncommon!for!a!patient’s!
transplanted!kidney!to!leak!proteins!into!the!urine!at!12!month!post!transplant.19!
Also,!the!cohort!at!3!months!had!relatively!low!chronic!damage!scores,!whereas!half!
the!cohort!at!12!months!was!purposely!included!as!they!showed!progressive!damage!
over!time,!therefore!increasing!the!likelihood!of!increased!protein!excretion!in!the!12!
month!urine.!
!
3.4.1!Proteins!in!both!analyses!
2DNDIGE!successfully!identified!11!proteins!in!the!3!month!urine!that!are!potential!
predictive!biomarkers!of!chronic!allograft!damage,!as!well!as!11!proteins!in!the!12!
month!urine!that!were!reflective!of!the!damage!at!the!time!of!biopsy.!4!urinary!
proteins!were!common!to!both!analyses,!that!is,!differentially!expressed!before!the!
chronic!damage!appeared!in!the!graft!as!well!as!continuing!to!be!differentially!
expressed!at!the!time!damage!was!evident.!AlphaN1BNglycoprotein!and!Alpha2NHS!
glycoprotein!were!both!increased!in!patients!with!chronically!damaged!kidneys!at!3!
and!12!months!both!transplant,!making!these!particular!proteins!less!likely!to!be!
early!markers!of!chronic!damage!and!most!likely!to!be!markers!of!a!less!sensitive!
type!of!kidney!damage.!!
!
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In!contrast,!zincNalphaN2Nglycoprotein!(ZA2G)!and!protein!AMBP!were!both!decreased!
in!damaged!kidneys!at!3!months,!yet!increased!in!damaged!kidneys!at!12!months,!
making!them!more!likely!to!be!specific!to!an!early!phase!injury!signature!and!possibly!
involved!in!pathogenesis.!Since!these!2!particular!proteins!were!implicated!in!both!
analyses,!it!could!be!hypothesized!that!the!absence!of!the!protein!at!3!months!when!
the!kidney!was!histologically!normal!led!to!an!over!expression!of!the!protein!over!
time!to!compensate,!leading!to!the!histological!lesions!being!seen!at!12!months.!
Interrogating!the!genomic!findings!of!the!protocol!biopsies!at!the!same!time!points!
could!further!support!this!hypothesis.!
!
ZA2G!is!a!multidisciplinary!protein!that!is!secreted!in!normal!body!fluids!and!possibly!
associated!with!cancer!development.!Although!reported!in!the!literature!as!having!
various!proposed!functions!including!antigen!processing!and!presentation,!
chaperoning,!immunomodulation!and!lipid!metabolism,!it’s!true!function!is!still!
unknown.18,20!The!increase!in!ZA2G!in!the!urine!at!12!months!is!likely!to!be!caused!by!
an!increase!in!glomerular!permeability!due!to!the!finding!of!an!increased!excretion!of!
ZA2G!in!patients!with!diabetic!nephropathy!and!glomerular!damage.21,22!The!other!
possibility!of!increased!ZA2G!in!the!urine!is!a!decrease!in!proximal!tubule!
reabsorption.21!The!findings!of!ZA2G!being!implicated!in!other!disease!states!other!
than!transplantation!limit!the!likelihood!that!it!will!be!specific!enough!alone!to!be!a!
biomarker!for!CAD.!
!
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Protein!AMBP!is!a!notable!protein!in!these!analyses!because!of!it’s!cleavage!into!its!3!
chains;!alphaN1Nmicroglobulin,!bikunin!and!trypstatin.!It!has!been!reported!to!be!
involved!in!the!negative!regulation!of!the!JNK!cascade!and!also!of!the!immune!
response.18!!AMBP!was!found!to!be!significantly!down!regulated!in!the!urine!of!
patients!with!proximal!tubular!dysfunction13,!however!it!has!also!been!reported!that!
the!alphaN1Nmicroglobulin!chain(A1M)!is!increased!in!the!urine!of!patients!with!
tubular!damage!and!more!sensitive!as!a!biomarker!of!early!kidney!damage!than!
albumin.23N25!Recently,!alphaN1Nmicroglobulin!has!been!reported!as!a!reliable!
biomarker!of!acute!rejection!in!kidney!transplant!patients.!The!original!articles!
associated!increased!A1M!excretion!with!interstitial!fibrosis,!tubular!injury!and!
inflammation!in!the!early!stages!of!acute!and!chronic!transplant!rejection.19,26,27!
!
!
3.4.2!Proteins!predictive!of!subsequent!chronic!graft!damage!
Kininogen!1!Variant!(KNG1)!is!a!secreted!protein!usually!found!in!plasma!that!is!
known!as!a!protease!inhibitor!and!involved!in!blood!coagulation.18!Kininogen!was!
found!to!be!significantly!decreased!in!patients!who!later!developed!high!grade!IFTA!
in!our!data!set.!It!has!been!explored!as!a!biomarker!of!ovarian!cancer!both!in!serum!
and!urine,!where!it!was!also!down!regulated!in!affected!patients.!The!mechanisms!of!
KNG1!proposed!were!that!the!mature!protein!provides!an!antiNproliferative!effect,!so!
it’s!reduced!levels!aid!in!cancer!growth.28!KNG1!has!also!been!implicated!in!IgA!
nephropathy!patients!with!a!diminished!response!to!ace!inhibitors.29!More!recently,!
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kininogen!has!also!been!implicated!in!chronic!allograft!dysfunction!where!it!was!also!
found!to!be!reduced!in!the!urine!of!damaged!kidneys,!albeit!at!the!time!of!injury,!not!
preceding!it.30!Given!the!amount!of!literature!available,!in!our!data!set!the!lowered!
KNG1!is!likely!to!represent!the!beginnings!of!early!interstitial!damage,!preceding!the!
histological!lesions!seen!in!IFTA.!
!
Gelsolin!was!decreased!in!patients!who!went!on!to!show!biopsy!proven!high!grade!
CADI.!Potentially!involved!in!tissue!regeneration18,!a!decrease!in!gelsolin!may!result!
in!loss!of!tubular!cells!and!therefore!an!increase!in!tubular!atrophy,!leading!to!the!
histological!lesions!seen!at!12!months!in!our!patient!cohort.!Gelsolin,!usually!a!blood!
component,!was!found!to!be!increased!in!the!urine!of!rats!with!gentamycin!induced!
kidney!failure,!but!not!in!rats!with!cisplatin!induced!renal!failure.31!The!increase!in!
urinary!gelsolin!occurred!as!early!as!day!1!of!kidney!injury!treatment!and!remained!
elevated!for!the!entire!time!course!of!the!disease.!In!contrast,!our!study!of!human!
transplant!kidney!damage,!gelsolin!was!seen!to!be!decreased!9!months!prior!to!
kidney!injury,!but!showed!no!significant!urinary!difference!at!time!of!injury.!Plasma!
levels!of!gelsolin!have!been!reported!to!be!decreased!compared!to!the!normal!
population!in!patients!commencing!dialysis,!highlighting!gelsolin’s!importance!to!a!
healthy!kidney!and!points!to!a!possible!impairment!of!synthesis!of!the!protein,!and!
hence!excretion,!in!acute!injury!settings.!The!other!possibility!for!low!gelsolin!in!both!
blood!and!urine!could!be!an!increased!degradation/consumption!of!the!protein!due!
to!the!increased!ubiquitinNproteosome!pathway!seen!in!kidney!damage.32!
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MannoseNbinding!proteinNassociated!serine!protease!2!(MASPN2)!is!a!key!protein!
in!the!complement!system.!In!the!3!month!urine!MASP2!was!seen!to!be!
decreased!in!patients!who!went!on!to!develop!high!grade!CADI,!which!is!a!
surprising!finding!considering!that!the!protein!is!a!powerful!inducer!of!
inflammation.!However,!the!patients!chosen!in!this!experiment!had!low!
inflammatory!markers!on!the!3!month!biopsy,!so!this!relative!lack!of!
inflammation!could!provide!on!explanation!as!to!its!levels!in!the!urine.!In!diabetic!
patients,!urine!MASP2!was!found!to!be!decreased!in!patients!with!glomerular!
dysfunction,!which!is!consistent!with!our!findings.33!!
!
In!patients!with!acute!rejection,!MASP2!can!be!seen!to!be!increased!in!the!urine,!
perhaps!indicating!that!the!decrease!seen!in!our!experiment!is!an!important!
segregation!between!the!injury’s!that!cause!acute!and!chronic!rejection!in!a!
transplant!setting.!Interestingly,!the!MASP2!paper!noted!that!in!acute!rejection,!all!
proteins!were!increased!at!the!time!of!damage,!with!no!significantly!decreased!
proteins!in!their!cohort.34!In!the!predictive!chronic!damage!setting!described!here,!a!
reduction!in!the!excretion!of!specific!proteins!was!found!to!be!predictive!of!
subsequent!graft!damage,!with!9!of!the!12!proteins!showing!an!association!between!
reduced!excretion!and!chronic!damage.!!
!
!
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Cystatin!M!is!a!small!protein!belonging!to!the!cystatin!family!that!includes!the!wellN
published!urine!biomarker!cystatin!C.35N41!Both!cystatin!proteins!are!known!to!have!
protease!inhibitor!functions18!and!are!hypothesized!to!have!protective!functions!by!
limiting!proteolysis!and!tissue!damage.41!Recently,!cystatin!C!has!been!reported!to!be!
predictive!of!kidney!dysfunction!in!diabetic!patients!and!acute!kidney!injury.42,43!
Consistent!with!these!findings!for!cystatin!C,!cystatin!M!was!increased!at!3!months!in!
our!patient!cohort,!before!damage!was!evident!on!biopsy.!This!could!represent!the!
kidney’s!attempt!to!repair!itself!from!early!damage!that!would!eventually!lead!to!the!
lesions!seen!in!the!kidney!long!term.!To!our!knowledge!this!is!the!first!finding!of!
urinary!cystatin!M!being!implicated!in!transplant!damage,!with!the!only!other!reports!
of!cystatin!M!being!found!in!breast!cancer,!lung!and!skin!tumours.44,45!
!
3.4.3!Proteins!excreted!at!time!of!chronic!graft!damage!
Although!not!the!focus!of!our!study,!it!was!an!important!follow!up!step!to!see!the!
urine!proteome!at!the!time!of!damage,!9!months!after!the!original!study!was!
performed.!The!rationale!for!this!experiment!was!two!fold,!to!see!if!the!differentially!
expressed!proteins!were!specific!to!the!early!phase!injury!seen!in!IFTA!and!CADI,!and!
to!establish!that!the!technology!was!reproducible!in!different!settings.!
!
Beta2Nmicroglobulin!(B2M)!is!a!well!described!urine!biomarker!for!kidney!injury,!both!
in!the!acute!and!chronic!setting.37,38,46N49!In!our!data!set,!this!marker!only!was!only!
evident!in!the!2DNDIGE!experiment!at!12!months,!when!damage!was!already!evident!
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and!proven!by!kidney!biopsy.!This!would!be!consistent!with!the!published!data.!This!
finding!confirmed!that!there!were!2!different!urine!profiles!that!predicted!and!
reflected!kidney!damage.!Since!it!had!been!reported!widely!in!other!types!of!kidney!
damage,!B2M!in!itself!is!unlikely!to!be!sensitive!or!specific!enough!to!serve!as!a!
marker!of!CAD!in!the!urine.!
 
CD14,!also!known!as!the!monocyte!differentiation!antigen,!is!a!marker!of!
macrophages!and!associated!with!inflammation!and!innate!immunity.18!Recently,!our!
group!published!on!the!association!between!alternatively!activated!macrophages!in!
the!kidney!biopsy!and!interstitial!fibrosis.!Macrophage!infiltration!was!then!
correlated!to!renal!dysfunction!over!time.!These!findings!were!also!accompanied!by!
a!strong!up!regulation!of!interferonNgamma!responses.50!The!finding!of!increased!
CD14!excretion!in!the!urine!at!12!months,!when!CADI!is!seen!in!the!graft!further!
reiterates!these!findings!and!strengthens!the!association!between!renal!fibrosis!and!
macrophage!proliferation.!It!also!provides!a!strong!foundation!for!the!development!
of!nonNinvasive!biomarker!assays!to!be!used!in!a!clinical!setting.!Pilmore!et!al!also!
published!on!the!association!of!CD68!positive!cells!in!chronic!rejection!biopsies,!
however!this!was!not!associated!with!the!severity!of!damage!in!the!graft.51!CD14!
mRNA!isolated!from!urinary!cells!has!recently!been!implicated!in!the!diagnosis!of!
acute!kidney!graft!dysfunction.52!In!addition,!CD14!has!been!detected!in!the!urine!of!
patients!with!acute!allograft!rejection!by!flow!cytometry53,!but!it!has!not!been!
reported!in!a!chronic!setting.!
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3.4.4!Network!Analysis!
A!major!disadvantage!of!the!2DNDIGE!technology!is!the!inability!to!identify!proteins!
of!low!concentration.!To!help!overcome!this,!a!bioinformatics!approach!was!used!to!
analyse!this!proteomics!data.!!The!STRING!program!creates!networks!linking!together!
proteins!based!on!their!likely!interactions.!By!utilising!the!confidence!association!
view!in!STRING,!intermediate!proteins!that!weren’t!picked!up!by!the!DIGE!runs!can!
be!identified,!with!the!view!that!an!intermediate!protein!that!links!2!of!the!identified!
proteins!in!the!experiment!may!also!be!of!importance.!For!example,!in!figure!10!of!
the!3!month!network,!both!kininogen!and!gelsolin!were!identified!by!the!2DNDIGE!
experiments,!but!are!linked!in!the!network!by!3!intermediate!proteins.!These!
intermediate!proteins!were!plasminogen,!a!proteolytic!factor!involved!in!tissue!
remodelling,!epidermal!growth!factor!and!epidermal!growth!factor!receptor,!both!
involved!in!cell!growth!and!differentiation.!In!the!follow!up!experiments!of!this!work,!
proposed!proteins!may!also!be!validated!in!larger!cohorts!and!aid!in!the!
development!of!a!panel!of!biomarkers.!This!type!of!analysis!may!also!help!in!
developing!hypotheses!on!the!pathogenesis!of!transplant!rejection.!!
!
Two!specific!KEGG!(Kyoto!encyclopedia!of!genes!and!genomes)!pathways!were!seen;!
the!3!month!urine!proteome!revealed!a!complement!and!coagulation!pathway,!while!
the!12!month!urine!proteome!was!one!of!antigen!presentation!and!processing.!
Unsurprisingly,!both!timepoints!form!part!of!the!immune!system.!The!3!month!urine!
proteome!that!consisted!mainly!of!complement!and!coagulation!is!supported!by!
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serial!biopsy!findings!of!persistent!graft!inflammation54,!despite!relatively!low!
inflammatory!Banff!scores!on!these!biopsies.!The!12!month!urine!proteome!network!
of!antigen!processing!and!presentation!and!immune!related!processes!is!also!
supported!by!microarrays!done!on!12!month!biopsies!by!our!group,!where!the!array!
data!showed!an!alloimmune!response!associated!with!inflammation.50!
!
The!distinction!of!the!2!urine!proteomes!was!also!highlighted!in!the!GO!biological!
processes!(table!4!and!6)!that!were!significantly!implicated!in!these!networks,!with!
the!3!month!urine!proteome!showing!regulation!of!response!to!stress!and!wound!
healing,!acute!inflammatory!responses!and!tissue!regeneration,!while!the!12!month!
network!was!involved!in!regulation!of!the!immune!response!and!immune!system!
process!and!antigen!presentation!and!processing.!Despite!the!2!dominant!urine!
proteomes!being!different!at!different!times!of!disease!progression,!the!proteins!that!
were!identified!and!implicated!in!either!analysis!are!either!involved!in!the!immune!
response,!such!as!CD14,!MASP2!and!ReceptorNinteracting!serineNthreonine!kinase!4,!
or!representative!of!structural!change!in!the!kidney,!such!as!gelsolin!and!SH3!domain!
binding!glutamic!acidNrichNlike!protein!3.!Both!findings,!immune!related!or!structural!
related,!highlight!the!validity!of!the!findings!of!the!experiment!to!be!a!true!
representation!of!what!is!occurring!in!the!transplanted!kidney!both!in!the!early!
stages!of!damage!before!histological!lesions!were!formed,!and!also!at!time!of!
damage!when!the!lesions!were!evident!on!kidney!biopsy.!
!
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3.4.5!Limitations!of!the!study!
This!study!is!largely!limited!by!its!small!patient!cohort.!While!significant!data!was!
generated!by!the!experiments,!it!is!only!based!on!a!cohort!of!12!patients.!The!other!
limitation!relating!to!the!cohort!of!this!study,!is!that!it!is!a!caseNcontrol!study!
method,!which!is!useful!when!the!disease!studied!is!only!seen!in!a!small!number!of!
cases,!but!is!likely!to!introduce!bias!into!the!study!through!confounding!factors.!To!
try!and!overcome!this,!patients!have!been!partially!matched!on!factors!such!as!
gender!and!whether!the!kidney!came!from!a!live!or!deceased!donor.!Secondly,!
patients!that!had!a!viral!infection,!ie!BK!virus,!known!to!increase!IFTA!have!been!
excluded!from!the!study.!Finally,!although!this!has!not!been!done!in!this!experiment!
due!to!small!patient!numbers,!a!multivariate!analysis!would!be!included!in!the!
validation!sets!to!eliminate!these!confounders.!
!
The!other!obvious!and!large!limitation!of!this!experiment!is!the!lack!of!a!validation!
experiment.!While!the!use!of!cy!dyes!is!a!quantitative!method,!it!does!have!a!
limitation!in!it’s!sensitivity!and!dynamic!range.!Currently!underway,!a!second!run!of!
12!patients!is!being!performed!which!has!come!from!a!separate!transplant!cohort!
and!a!separate!scientist!is!running!and!analysing!the!gels.!Following!the!validation!
set,!it!would!be!the!aim!to!validate!the!proteins!found!in!both!2DNDIGE!experiments!
with!a!simpler,!faster!and!more!efficient!method!of!protein!quantification!in!a!much!
larger!cohort,!for!use!in!a!clinical!setting.!
!
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3.5(Conclusions;(
In!conclusion,!the!2DNDIGE!experiments!has!highlighted!the!direct!link!between!the!
processes!that!occurred!within!the!kidney!and!the!proteins!that!were!excreted!into!
the!urine.!These!processes!were!both!immunological!and!structural.!The!urine!
proteins!were!reflective!not!only!of!the!current!histological!status!of!the!
transplanted!graft!and!its!chronic!damage!lesions,!but!could!also!predict!which!grafts!
would!later!develop!these!lesions.!Importantly,!the!predictive!proteins!were!able!to!
segregate!the!3!month!cohort!where!clinical!markers!were!unable!to!do!so.!!
!
These!proteins!need!to!be!further!interrogated!in!larger!and!more!diverse!patient!
cohorts!to!elucidate!their!potential!as!biomarkers!of!chronic!damage,!which!would!
enable!frequent!screening!of!patients.!This!type!of!early!detection!would!be!
advantageous!clinically,!as!it!would!enable!segregation!of!the!transplant!population!
into!a!relatively!small,!but!important,!group!of!patients!that!may!warrant!
personalised!immunosuppressive!regimes!and!more!scrupulous!follow!up.
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Summary5(
!
Currently,!there!is!no!test!to!be!able!to!predict!who!will!develop!fibrosis,!with!
current!clinical!indicators!such!as!serum!creatinine,!estimated!glomerular!
filtration!rate!and!proteinuria!lacking!sensitivity!and!specificity.1,2!The!overall!
aim!of!this!thesis!was!to!identify!protein!biomarkers!for!the!early!diagnosis!of!
chronic!allograft!damage!in!kidney!recipients.!There!were!2!experimental!
approaches!to!achieve!this!aim.!In!chapter!2,!a!targeted!proteomics!
experiment!was!performed!using!a!candidate!protein!identified!as!predictive!
of!chronic!damage!through!large@scale!genomic!data.!In!chapter!3,!a!discovery!
proteomics!experiment!using!gel!based!techniques!was!used!to!identify!novel!
proteins!that!were!predictive!of!the!subsequent!protocol!biopsy.!
!
In!chapter!2!of!this!thesis,!a!commercially!available!ELISA!assay!was!utilized!to!
quantify!the!amount!of!clusterin!protein!in!3!month!serum!and!urine.!!These!
results!were!then!correlated!to!their!sequential!12!month!chronic!damage!
scores,!whether!they!be!IFTA!scores,!CADI!scores,!change!in!IFTA!or!CADI!
scores,!or!change!in!eGFR.!While!limited!by!the!small!patient!cohort,!
especially!in!the!more!severely!damaged!groups,!there!were!no!significant!
differences!in!the!amount!of!clusterin!at!3!months!that!was!predictive!of!the!
12!month!outcome,!and!the!experiments!were!unable!to!support!the!genomic!
data!from!the!GoCAR!biopsy!study.!
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In!chapter!3!of!this!thesis,!several!statistically!significantly!urine!proteins!were!
identified!using!2D@DIGE!and!tandem!mass!spectrometry.!The!urines!were!
selected!from!patients!with!relatively!non@pathologic!3!month!protocol!renal!
biopsies!and!correlated!to!their!sequential!12!month!outcome,!where!the!
group!was!split!into!groups!based!on!degree!of!chronic!damage.!Proteins!of!
interest!that!showed!a!concentration!change!in!the!3!month!urines!between!
damaged!and!non@damaged!12!month!kidneys!were!further!interrogated!by!
the!STRING!network!program.!The!follow!up!experiment!used!the!12!month!
urines!of!the!same!patient!cohort!to!establish!if!the!differential!fold!change!
seen!in!the!3!month!urines!continued!to!be!up!or!down!regulated!at!the!time!
when!damage!was!biopsy!proven.!!
!
There!were!4!predictive!proteins!that!were!found!in!both!the!3!and!12!month!
urine!proteomes.!Alpha@1B@glycoprotein!and!alpha2@HS!glycoproteins!were!
high!in!damaged!kidneys,!both!before!damage!could!be!seen!and!when!
damage!was!evident.!However,!protein!AMBP!and!zinc@alpha@2!glycoprotein!
were!low!at!3!months,!but!high!at!12!months!in!chronically!damaged!kidneys,!
which!could!represent!overcompensation!for!the!early!stage!of!damage.!
!
There!were!7!proteins!that!were!purely!predictive,!that!is,!only!significantly!
different!before!damage!could!be!seen.!Included!in!the!7!proteins!was!a!
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decrease!in!gelsolin!in!the!urine!of!kidneys!that!went!on!develop!fibrosis,!
which!is!a!protein!involved!in!tissue!regeneration.3!There!was!also!an!increase!
in!cystatin@M!in!the!urine!of!patients!who!displayed!damaged!kidneys!at!12!
months,!which!could!represent!an!attempt!to!protect!the!kidney!from!the!
early!damage!occurring!before!histological!lesions!are!seen.4!
!
A!further!7!proteins!were!only!significantly!different!when!damage!was!
evident!in!the!graft.!CD14!was!one!of!these!proteins!and!was!increased!in!
kidneys!that!showed!fibrosis,!providing!a!link!that!fibrosis!is!associated!with!
macrophage!infiltration.5!Beta!2!microglobulin!was!also!increased!in!
chronically!damaged!kidneys,!which!is!a!well@reported!marker!of!
tubulointerstital!damage.6@8!
!
Importantly,!the!2D@DIGE!experiment!on!the!3!month!urines!was!able!to!
identify!urine!proteins!that!could!segregate!the!cohort!where!the!current!
clinical!markers!of!serum!creatinine,!eGFR!and!biopsy!scores!were!unable!to.!
As!the!vast!amount!of!published!genomic!data!supports,!it!is!likely!that!there!
is!a!rise!in!gene!expression!that!predates!the!histology!associated!with!
CAD.9,10!The!experiments!in!this!thesis!also!provide!evidence!that!there!is!a!
change!in!urine!protein!excretion!that!predates!damage!by!showing!2!
different!urine!signatures!at!3!months!and!12!months!post!transplant.!The!
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advantage!of!urine!however,!is!that!it!is!less!invasive!than!biopsy!and!the!
advantage!of!proteomics!over!genomics!is!that!it!is!likely!to!be!more!robust!
clinically.!
!
While!both!experiments!in!this!thesis!were!hindered!by!small!sample!cohorts,!
there!was!evidence!in!both!approaches!that!a!panel!of!biomarkers,!rather!
than!a!single!protein,!would!be!more!useful!in!dividing!the!patients!into!who!
would!go!on!to!develop!damage!and!who!would!have!a!normal!12!month!
biopsy.!Partly!this!is!due!to!the!relatively!small!amount!of!patients!that!will!
develop!severe!IFTA!in!the!first!12!months!of!transplant,!but!also!due!to!the!
multifactorial!nature!of!chronic!damage,!making!one!protein!unlikely!to!be!
involved!in!all!paths!of!disease!progression.!Moreover,!urine!is!a!dynamic!fluid!
that!is!influenced!by!many!biological!processes.!It!is!because!of!these!factors,!
that!it!seems!likely!that!any!urine!biomarker!assay!that!is!developed!would!be!
used!in!a!statistical!calculation!in!addition!to!the!clinical!markers,!such!as!
serum!creatinine,!estimated!glomerular!filtration!rate!and!proteinuria,!that!
are!already!in!use!in!the!clinic.!!
!
!
!
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Future(directions5(
Gel!based!electrophoresis!is!known!to!be!difficult!to!reproduce,!mostly!due!to!
its!largely!non@automated!laboratory!work!up.11!The!first!step!is!to!verify!the!
findings!of!this!thesis!with!a!separate!cohort!of!patients!to!eliminate!any!false!
positive!proteins,!particularly!because!these!experiments!were!performed!in!a!
small!cohort.!The!proteins!that!show!differential!concentration!in!both!the!
test!set!and!the!validation!set!are!more!likely!to!be!significantly!different!
when!applied!to!a!larger!cohort.!
!
The!STRING!network!analysis!also!identified!candidate!proteins!that!linked!the!
identified!2D@DIGE!proteins!together.!These!intermediate!proteins!may!have!
had!isoelectric!points!or!molecular!weights!beyond!the!range!of!this!
experiment,!or!may!not!have!been!present!in!sufficient!concentration!for!
manual!excision.!These!potential!proteins!would!be!able!to!be!substantiated!
by!looking!at!the!kidney!biopsy!genomic!results!from!the!larger!and!more!
diverse!GoCAR!study!cohort,!making!them!stronger!candidates!for!the!
inclusion!of!a!panel!of!predictive!urine!biomarkers.!
!
The!next!step!would!be!to!use!a!non@gel!based!technique!in!a!larger!and!more!
diverse!cohort!to!give!more!sensitive!quantification!data!that!can!be!used!in!a!
!135!
multivariate!analysis!and!a!ROC!curve!analysis!to!determine!if!they!are!more!
sensitive!or!specific!than!traditional!markers.!This!approach!would!take!the!
proteins!from!the!discovery!proteomics!experiment!into!a!targeted!
experiment!for!validation.!Targeted!experiments!are!generally!faster!to!
perform!and!have!a!larger!dynamic!range!for!the!analytes!tested.12!This!would!
then!need!to!be!repeated!in!a!transplant!cohort!that!includes!all!types!of!
rejection!and!infection,!including!acute!rejection,!BK!virus!infection!and!CNI!
toxicity!to!ensure!specificity!of!the!assay.!The!final!step!would!be!to!validate!
the!proteins!in!a!transplant!cohort!overseas,!as!well!as!a!non@transplant!
population,!such!as!a!native!kidney!disease!cohort.!
!
The!proteins!that!show!the!greatest!potential!as!predictive!biomarkers!of!
chronic!damage!from!these!experiments!are!gelsolin,!kininogen!and!protein!
AMBP!and!validation!for!these!proteins!should!be!considered!first.!All!3!of!
these!proteins!have!been!published!as!potential!biomarkers!of!kidney!damage!
in!other!urine!studies13@19.!Furthermore,!all!3!of!these!proteins!were!linked!in!
the!same!STRING!network,!strengthening!their!involvement!in!the!
immunological!processes!that!may!contribute!to!IFTA.!Immunohistochemical!
or!immunofluroscent!staining!of!the!protocol!biopsies!and!western!blot!of!the!
urine!proteins!would!be!suitable!methods!for!this!validation.!!
!
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A1.1(Background9(
At#the#6#month#timepoint,#many#of#the#patients#did#not#return#to#the#clinic,#
especially#in#the#cases#of#interstate#residents.#While#effort#was#made#to#still#
collect#these#blood#and#urine#samples,#most#would#spend#over#24#hours#in#
transit#and#this#may#have#introduced#another#experimental#variable#to#the#
experiment.#Considering#there#was#no#6#month#protocol#biopsy#for#any#of#
these#patients,#the#change#in#IFTA#or#CADI#analysis#has#been#omitted.##
#
Since#clusterin#was#identified#as#a#potential#marker#of#chronic#damage#in#
kidney#transplant#recipients#within#the#GoCAR#study,#our#hypothesis#was#that#
early#clusterin#levels#in#urine#at#6#months#and#possibly#to#a#lesser#extent#in#
serum,#will#be#higher#in#patients#who#show#poor#kidney#function#or#more#graft#
damage#at#12#months#post#transplant.#The#aim#of#this#experiment#was#to#
determine#whether#clusterin#in#the#urine#was#predictive#of#IFTA#and#hence#
may#have#potential#as#a#urine#biomarker.##
#
A1.2:(Methods9(
Of#the#40#patients#in#this#thesis,#32#had#stored#serum#samples,#and#26#had#
urine#samples#analysed#for#clusterin.#The#flow#chart#outlining#which#samples#
! 141!
were#included#in#6#month#analysis#is#outlined#in#the#flow#charts,#figure#A1.1#for#
urine#and#figure#A1.2#serum.#
#
Urine#and#serum#samples#were#performed#as#per#the#3#month#protocol#
outlined#in#Chapter#2.#Briefly,#urine#was#concentrated#by#centrifugation#and#
assayed#using#a#commercially#available#clusterin#ELISA#kit.#Serum#was#diluted#
3000#fold#and#assayed#as#per#manufacturers#instructions.#Urine#clusterin#
concentrations#were#corrected#for#creatinine#and#all#scores#were#correlated#to#
12#month#chronic#damage#scores.#Statistics#were#performed#using#SPSS#
version#17#(spearman#correlation),#Graph#pad#prism#version#5#(ANOVA)#and#
Excel#Version#14.4.3#(average,#standard#error,#students#tWtest).#Data#is#graphed#
using#averages#and#error#bars#represent#standard#error#of#the#mean.#
#
#
#
#
#
#
#
! 142!
Figure#A1.1#Breakdown#of#6#month#urine#samples#used#in#each#analysis#
# #
#
#
#
#
Figure#A1.2#Breakdown#of#6#month#serum#samples#used#in#each#analysis#
#
##
#
#
#
#
26!urine!samples!
12!month!histology!analysis! Function!analysis!
Results'1.1'IFTA/CADI@!4!patients!with!no!12!month!biopsy,!2!samples!below!assay!cut!off.!(n=20)!
Results'1.2'Change!in!eGFR@!2!samples!below!assay!cut!off.!(n=24)!
32!serum!samples!
Results'2.1'IFTA/CADI@!5!patients!with!no!12!month!biopsy!(n=27)!!
Results'2.2'Change!in!eGFR@!all!patients!analysed!
(n=32)!!
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A1.3(Results9(
A1.3.1W#Six#month#urine#clusterin#does#not#correlate#to#twelve#month#
IFTA/CADI#
With#only#2W3#patients#having#a#moderate#IFTA#or#CADI#score#in#this#cohort,#
that#is,#a#combined#ci#and#ct#Banff#score#of#greater#than#or#equal#to#3,#or#a#
CADI#score#of#greater#than#4,#there#was#no#significant#differences#in#6#month#
clusterin:creatinine#ratios#when#grouped#by#12#month#IFTA#(p=0.09,#figure#
A1.3)#or#CADI#(p=0.45,#figure#A1.4).##
#
Figure#A1.3#Average#six#month#clusterin:creatinine#ratios#in#20#kidney#
transplant#patients#grouped#by#twelve#month#IFTA#scores.#
#
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Figure#A1.4#Average#six#month#clusterin:creatinine#ratios#in#20#kidney#
transplant#patients#grouped#by#twelve#month#CADI#scores.#
#
#
A1.3.2W#Six#month#urine#clusterin#does#not#correlate#to#the#change#in#eGFR#
between#6#and#12#months.#
There#is#no#significant#difference#between#6#month#urine#clusterin#excretion#
(figure#A1.5)#and#delta#eGFR#(p=#0.45).#
#
#
#
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Figure#A1.5#Six#month#urine#clusterin:creatinine#rations#in#24#patients#
stratified#by#change#in#eGFR#between#6#and#12#months.#
(
#
#
A1.3.3#Six#month#serum#clusterin#does#not#correlate#to#twelve#month#
IFTA/CADI.#
As#was#seen#in#the#3#month#data,#the#6#month#serum#clusterin#results#do#not#
correlate#to#either#12#month#IFTA#(figure#1.6)#or#12#month#CADI#scores#(figure#
1.7).#The#pWvalues#are#0.87#And#0.84#respectively.#
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Figure#6.#Six#month#serum#clusterin#in#27#patients#stratified#by#12#month#IFTA#
scores.#
#
Figure#6.#Six#month#serum#clusterin#in#27#patients#stratified#by#twelve#month#
CADI#scores.#
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A1.3.4#Six#month#serum#clusterin#does#not#correlate#to#change#in#eGFR#
between#6#and#12#months#
As#seen#in#figure#7,#there#is#no#significant#difference#in#6#month#serum#
concentration#between#those#with#a#stable#or#improving#graft#function#and#
those#patients#with#declining#graft#function.#The#trend#however,#is#heading#
towards#significance,#with#a#pWvalue#of#0.08.#
#
Figure#7.#Six#month#serum#clusterin#results#in#32#patients#stratified#by#change#
in#eGFR#between#6#and#12#months.#
#
#
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A1.4(Discussion(and(Conclusions9(
As#with#the#three#month#data,#the#six#month#data#was#ambiguous,#as#small#
numbers#in#all#groups#left#the#statistical#power#lacking.#The#lack#of#numbers,#
particularly#in#the#more#severe#CAD#groups#means#that#statistically#there#
remains#the#possibility#of#a#type#2#error.#
#
Furthermore,#the#gene#array#data#that#supports#clusterin#as#an#early#marker#of#
the#progression#into#chronic#damage#was#based#on#three#month#renal#biopsy#
data,#whereas#no#gene#data#is#available#for#the#six#month#timepoint.#There#is#a#
possibility#that#clusterin#is#only#increased,#both#in#gene#expression#and#in#
protein#levels,#at#the#three#month#timepoint#before#returning#to#normal#levels#
by#six#months.#
#
In#conclusion,#this#study#has#shown#that#urine#clusterin#levels#at#six#months#do#
not#predict#chronic#damage#on#by#the#twelve#month#timepoint.#
(
#
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Appendix(2(
(
Gel(optimization(
! !
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As!a!proof!of!concept!experiment,!to!ensure!that!urine!proteins!could!be!
excised!from!a!gel!and!trypsin!digested!to!run!on!tandem!mass!spectrometry,!
a!control!female!gel!was!run!on!pH!3;10!strips!and!12cm!gels!(figure!A2.1).!
Major!spots!were!excised,!overnight!trypsin!digested!and!identified!using!
tandem!mass!spectrometry!(figure!A2.2)!as!outlined!in!chapter!3.!!
Figure!A2.1.!Female!control!urine!2!dimensional!protein!gel!using!pH!3;10!
strips!on!a!12cm!precast!gel.!!
!!!!!!
pH#3!10!
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Figure!2.2!Major!spots!excised!from!figure!A2.1!and!identified!by!tandem!
mass!spectrometry.!!!!!!!!!!!!!
Male!and!female!control!were!then!run!to!see!major!differences!and!
determine!if!gender!would!be!a!likely!confounder!and!would!need!to!be!
partially!matched!in!the!experiment!(figure!A2.3).!Notable!differences!are!
circled!between!the!genders.! !
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Figure!A2.3!Comparison!of!female!and!male!control!urine!proteomes!using!pH!
3;10!strips!and!12cm!gels.!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
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Further!test!gels!were!run!to!test!the!validity!of!the!experiment,!with!a!sex!
matched!normal!non!transplanted!control!and!a!transplanted!patient!with!
moderate!fibrosis!run!in!parallel!(figure!A2.4)!to!see!if!any!spots!emerged!to!
the!naked!eye!with!differential!concentration.!Again,!notable!differences!are!
labeled!in!circles.!!
Figure!A2.4!Comparison!of!normal!control!and!patient!urine!proteomes!using!
pH!3;10!strips!and!12cm!gels.!!
!
!
!
!
!
!
!
!
!
!
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To!enable!a!better!spread!and!clearer!resolution!of!the!spots!in!the!more!
acidic!range,!the!gel!profile!was!split!onto!2!separate!gels!using!pH!4;7!strips!
and!pH!7;10!strips!and!the!following!gel!profiles!were!obtained!(figure!A2.5).!
This!allowed!better!separation!across!the!pH!range,!as!the!gel!patterns!are!
essentially!doubled!in!length.!
!
Figure!A2.5!Separation!of!the!urine!proteome!using!pH!4;7!and!pH!7;10!strips!
on!12!cm!precast!gels.!!!!!!!!
!
The!narrowing!of!the!pH!range!allowed!the!proteins!to!spread!out!to!enable!a!
clearer!spot!pattern!in!the!pH!4;7!strip,!and!as!predicted,!the!pH!7;10!strip!
only!had!the!2!main!lines!of!protein!as!seen!in!the!wide!range!strip.!
!
!
!
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Finally,!the!2D;DIGE!was!performed!using!20cm!precast!gels!and!pH!4;7!strips.!
The!longer!gel!allowed!for!better!separation!in!the!2nd!dimension.!After!
colloidal!coomassie!staining,!the!gel!profile!in!figure!A2.6!was!seen.!Note!that!
the!orientation!of!the!gel!is!reversed!along!the!isoelectric!focusing!(horizontal)!
axis.!
!
Figure!A2.6!Optimized!2D;DIGE!gel!stained!with!colloidal!coomassie!using!pH!
4;7!strips!and!a!20cm!precast!gel.!!
!
pH!7! pH!4!
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Appendix(3(
(
(
GTex(analysis(of(all(
identified(2D5DIGE(proteins
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A"total"of"18"proteins"were"identified"as"either"up"or"down"regulated"in"
damaged"kidneys"from"the"3"and"12"month"urine"DIGE"experiments"outlined"
in"chapter"3."The"normal"gene"expression"of"these"proteins"in"the"kidney"
would"be"supported"by"an"inverse"relationship,"whereby"a"protein"that"is"seen"
to"be"decreased"in"damaged"kidneys"would"have"a"high"normal"expression,"
and"a"protein"that"is"increased"in"damaged"kidneys"would"have"a"low"normal"
expression."There"is"also"likely"to"be"less"of"a"relationship"with"the"proteins"
only"identified"in"the"3"month"experiments,"as"damage"had"not"yet"formed"in"
the"kidney,"therefore"the"proteins"were"essentially"from"a"“normal”"kidney"
and"hence"could"exhibit"“normal”"gene"expression."
"
All"18"GTex""(GenotypeHTissue"Expression"project)"plots"of"normal"expression"
are"included"in"this"appendix,"however"it"is"important"to"note"that"an"result"
that"is"not"a"direct"inverse"relationship"can"be"explained"by"degradation"of"
protein,"miRNA"involvement"or"transcriptional"or"post"translation"
modifications."These"graphs"were"created"using"the"dbGaP"release"
phs000424.v4.p1"version"of"the"GTEX"software,"available"on"the"Broad"
Institute"website"(http://www.gtexportal.org/home/)"and"accessed"on"the"
15th"of"June,"2014."In"all"examples,"normal"expression"in"kidney"is"marked"by"a"
circle."
"
"
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AlphaH1BHglycoprotein"(fig"A3.1)"was"increased"in"the"urine"at"3"and"12"
months"who"went"on"to,"or"showed"damage"at"the"respective"time"points,"
with"normal"tissue"expression"being"relatively"low."
"
Figure"A3.1"Normal"expression"of"AlphaH1BHglycoprotein"in"the"kidney"cortex"
"
Kininogen"1"variant"protein"(figure"A3.2)"was"decreased"in"damaged"kidneys,"
while"normal"tissue"expression"is"high."
"
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Figure"A3.2"Normal"expression"of"kininogen"1"variant"in"the"kidney"cortex"
"
Alpha2HHS"glycoprotein"(figure"A3.3)"was"increased"in"damaged"kidneys"at"
both"3"and"12"months"post"transplant,"with"normal"tissue"expression"being"
fairly"conserved"between"all"tissue"types."
"
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Figure"A3.3"Normal"expression"of"alpha2HHS"glycoprotein"in"the"kidney"cortex"
Gelsolin"(figure"A3.4)"was"decreased"in"the"3"month"urine"of"damaged"kidneys,"
with"expression"being"towards"the"lower"end"of"tissue"expression."
Figure"A3.4"Normal"expression"of"gelsolin"in"the"kidney"cortex"
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"
InterHalpha"(globulin)"inhibitor"H4"(figure"A3.5)"was"decreased"in"the"3"month"
urine"of"patients"who"went"on"to"have"damaged"kidneys,"but"interestingly"not"
seen"in"any"significant"amounts"of"expression"in"the"kidney"cortex."Expression"
is"highest"in"liver,"testis"and"coronary"or"tibial"arteries."
Figure"A3.5"Normal"expression"of"interHalpha"(globulin)"inhibitor"H4"in"the"
kidney"cortex"
"
Protein"AMBP"(figure"A3.6)"was"seen"to"be"decreased"in"the"3"month"
experiments"and"increased"in"the"12"month"experiments."The"normal"kidney"
expression"is"relatively"high,"one"of"the"top"3"tissues"to"be"expressing"this"
gene."
! 162!
Figure"A3.6"Normal"expression"of"protein"AMBP"in"the"kidney"cortex"
ZincHalphaH2Hglycoprotein"(figure"A3.7)"was"decreased"in"the"3"month"urine,"
but"increased"in"the"12"month"urine"of"damaged"kidneys."Normal"tissue"
expression"is"relatively"high."
Figure"A3.7"Normal"expression"of"zincHalphaH2Hglycoprotein"in"the"kidney"
cortex"
"
"
"
"
"
"
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MASPH2"(figure"A3.8)"was"seen"to"be"decreased"in"the"urine"of"3"month"
kidneys"who"went"on"to"show"damage,"while"tissue"expression"is"towards"the"
lower"end"of"the"spectrum.""
Figure"A3.8"Normal"expression"of"MASPH2"in"the"kidney"cortex"
"
"
"
Ganglioside"GM2"activator"(figure"A3.9)"was"decreased"in"damaged"kidneys"in"
the"3"month"urines"and"had"average"gene"expression"in"normal"tissue."
"
"
"
"
"
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Figure"A3.9"Normal"expression"of"ganglioside"GM2"activator"in"the"kidney"
cortex"
"
"
"
"
"
"
"
CystatinHM"(figure"A3.10)"was"increased"in"the"3"month"urines"of"12"month"
damaged"kidneys"and"showed"above"average"tissue"expression."
Figure"A3.10"Normal"expression"of"cystatinHM"in"the"kidney"cortex"
"
"
"
"
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CD14"(figure"A3.11)"was"increased"in"damaged"kidneys"in"the"12"month"urine"
and"is"a"marker"of"monocytes."Normal"expression"was,"unsurprisingly,"highest"
in"whole"blood,"however"kidney"tissue"was"also"above"average."
Figure"A3.11"Normal"expression"of"CD14"in"the"kidney"cortex"
"
Vesicular"integralHmembrane"protein"VIP36"(figure"A3.12),"also"known"as"
lectin"mannoseHbinding"2,"was"increased"in"the"urine"of"12"month"damaged"
kidneys,"and"normal"expression"is"average."
"
"
"
"
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Figure"A3.12"Normal"expression"of"lectin"mannoseHbinding"2"in"the"kidney"
cortex"
"
"
"
"
"
"
ReceptorHinteracting"serineHthreonine"kinase"4"(figure"A3.13)"was"increased"in"
the"urines"at"12"month"for"damaged"kidneys,"while"normal"expression"is"also"
relatively"high."
Figure"A3.13"Normal"expression"of"receptorHinteracting"serineHthreonine"
kinase"4"in"the"kidney"cortex"
"
"
"
"
"
"
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ProstaglandinHH2"DHisomerase"(figure"A3.14)"was"one"of"the"few"proteins"seen"
in"the"12"months"urine"that"was"decreased"in"concentration"in"damaged"
kidneys."Its"normal"expression"in"the"kidney"cortex"is"average."
"
Figure"A3.14"Normal"expression"of"prostaglandinHH2"DHisomerase"in"the"
kidney"cortex"
"
"
RetinolHbinding"protein"4"(figure"A3.15)"was"increased"in"the"urine"of"12"
month"damaged"kidneys,"its"normal"expression"is"above"average."
"
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Figure"A3.15"Normal"expression"of"retinolHbinding"protein"4"in"the"kidney"
cortex"
"
"
"
"
"
"
"
Secreted"and"transmembrane"protein"1"(figure"A3.16)"was"found"to"be"
increased"in"the"12"month"urine"of"patients"who"had"a"declining"eGFR,"where"
expression"is"normally"quite"high."
Figure"A3.16"Normal"expression"of"secreted"and"transmembrane"protein"1"in"
the"kidney"cortex"
"
"
"
"
"
"
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β2Hmicroglobulin"(figure"A3.17)"was"found"to"be"increased"in"damaged"
kidneys"at"the"time"of"injury,"both"in"these"experiments"and"several"other"
published"studies."Normal"expression"of"this"protein"is"average"compared"to"
other"tissues."
"
Figure"A3.17"Normal"expression"of"β2Hmicroglobulin"in"the"kidney"cortex!
"
SH3"domain"binding"glutamic"acidHrichHlike"protein"3"(figure"A3.18)"was"
decreased"in"the"3"month"urine"of"patients"who"went"on"to"develop"IFTA."
Normal"expression"in"the"kidney"cortex"is"average."
"
"
! 170!
Figure"A3.18"Normal"expression"of"SH3"domain"binding"glutamic"acidHrichHlike"
protein"3"in"the"kidney"cortex"
"
"
"
"
